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(54) Optical compensatory sheet and liquid crystal display 



(57) An optical compensatory sheet comprises an 
optically anisotropic layer formed of discotic liquid crys- 
tal molecules provided on a transparent substrate. The 
liquid crystal molecules are horizontally aligned in the 
optically anisotropic layer An average inclined angle be- 



tween discotic planes of the discotic liquid crystal mol- 
ecules and a surface ol the transparent substrate is less 
than 5°. The discotic liquid crystal molecules are fixed 
in the optically anisotropic layer while keeping the hori- 
zontal alignment. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an optical compensatory sheet comprising an optically anisotropic layer 
formed of discotic liquid crystal molecules provided on a transparent substrate. The invention also relates to a liquid 
crystal display using the optical compensatory sheet. 

BACKGROUND OF THE INVENTION 
10 ~ 

[0002] A liquid crystal display comprises a liquid crystal cell, two polarizing elements arranged on each side of the 
liquid crystal cell, and one or two optical compensatory sheets (phase retarders) arranged between the liquid crystal 
cell and the polarizing element. 

[0003] The liquid crystal cell comprises a pair of substrates, rod-like liquid crystal molecules and an electrode layer. 
*5 The rod-like liquid crystal molecules are provided between the substrates. The electrode layer has a function of applying 
a voltage to the rod-like liquid crystal molecule. Each of the substrates has an orientation layer, which has a function 
of aligning the rod-like liquid crystal molecule. 

[0004] The optical compensatory sheet is used to remove color from an image displayed on the liquid crystal cell. 
The optical compensatory sheet can also be used to enlarge a viewing angle of a liquid crystal cell. A stretched bire- 

20 fringenl film has usually been used as the optical compensatory sheet. 

[0005] An optical compensatory sheet comprising an optically anisotropic layer on a transparent substrate has been 
proposed to be used in place of the stretched birefringent film. The optically anisotropic layer is formed by fixing aligned 
discotic liquid crystal molecules. The discotic liquid crystal molecules have various alignment forms. Accordingly, an 
optical compensatory sheet obtained by using the discotic liquid crystal molecule has a specific optical characteristic 

25 that cannot be obtained by the conventional stretched birefringent film. The optical compensatory sheet using the 
discotic liquid crystal molecule is described in Japanese Patent Provisional Publication No. 6(1994)-214116, U.S. Pat- 
ent Nos. 5,583,679, 5,646 703 and German Patent Publication No. 3,911 .620A1 . 

SUMMERY OF THE INVENTION 

30 

[0006] Japanese Patent Provisional Publication No. 2(1 990)-1 76625 discloses a liquid crystal display using a liquid 
crystal cell of a vertical alignment (VA) mode, in which rod-like liquid crystal molecules are essentially vertically aligned 
while not applying voltage to the cell, and are essentially horizontally aligned while applying voltage to the cell. The 
vertical alignment mode is characterized in a wide viewing angle and a fast response, compared with the conventional 
35 liquid crystal modes. A prototype of the liquid crystal display of a vertical alignment mode has been exhibited (Nikkei 
Microdevice (written in Japanese), No. 136, page 147, 1996). 

[0007] U.S. Patent Nos. 4,583,825 and 5,410,422 disclose a liquid crystal display of a bend alignment mode having 
a liquid crystal cell in which rod-like liquid crystal compounds are aligned symmetrically. The alignment of an upper 
liquid crystal compound is essentially antiparallel to the alignment of a lower liquid crystal compound. The liquid crystal 
-to cell of the bend alignment mode has a self-optical compensatory function because of the symmetrical alignment. There- 
fore, the bend alignment mode is also referred to as an optical compensatory bend (OCB) mode. The liquid crystal 
display of the bend alignment mode has an advantage of a rapid response. 

[0008] The liquid crystal display of a vertical alignment mode or a bend alignment mode is characterized in a wide 
viewing angle and a rapid response compared with the conventional liquid crystal modes (TN mode, STN mode). 

45 However, a further improvement is necessary to be comparable with CRT 

[0009] It might be considered that an optical compensatory sheet is used to improve the liquid crystal display of a 
vertical alignment mode or a bend alignment mode in the same manner as in the conventional liquid crystal displays. 
However, the known optical compensatory sheets used in the conventional liquid crystal displays are not effective in 
the liquid crystal display of the vertical alignment mode or the bend alignment mode. 

so [0010] In the liquid crystal cell of the vertical alignment mode or the bend alignment mode, most of rod-like liquid 
crystal molecules are essentially vertically aligned. An optical compensatory sheet should have a specific optical ani- 
sotropy to optically compensate the optical anisotropy of the essentially vertically aligned rod-like liquid crystal mole- 
cules. The required specific optical anisotropy is a large negative optical anisotropy in which an optical axis is not 
inclined. A stretched birefringent film such as a biaxially stretched polycarbonate film can satisfy the requirement. 

55 However, the stretched birefringent film has a problem with dimentional stability and production cost. 

[0011] An optical compensatory sheet comprising an optically anisotropic layer containing discotic liquid crystal mol- 
ecules has been proposed to be used in place of the stretched birefringent film. However, the optically anisotropic layer 
of the known optical compensatory sheet does not have a large negative optical anisotropy in which an optical axis is 
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not inclined. 

[0012] The present inventors have tried to prepare an optical compensatory sheet having the required specific targe 
negative optical anisotropy by using discotic liquid crystal molecules. However, it is very difficult to prepare a specific 
optically anisotropic layer in which an optical axis is essentially not inclined (less than 5°) where the layer is prepared 
5 according to prior art. 

[001 3] An object of the present invention is to provide an optical compensatory sheet having a large negative optical 
anisotropy in which an optical axis is essentially not inclined. 

[001 4] Another object of the invention is to provide an optical compensatory sheet suitable for a liquid crystal display 
of a vertical alignment mode or a bend alignment mode. 
10 [0015] A further object of the invention is to further improve a viewing angle of a liquid crystal display of a vertical 
alignment mode or a bend alignment mode. 

[0016] The present invention provides an optical compensatory sheet comprising an optically anisotropic layer 
formed of discotic liquid crystal molecules provided on a transparent substrate, wherein the discotic liquid crystal mol- 
ecules are horizontally aligned in the optically anisotropic layer, an average inclined angle between discotic planes of 

15 said discotic liquid crystal molecules and a surface of said transparent substrate being less than 5°, and said discotic 
liquid crystal molecules being fixed in the optically anisotropic layer while keeping the horizontal alignment. 
[001 7] The invention also provides a liquid crystal display comprising a liquid crystal cell of a vertical alignment mode, 
two polarizing elements and one or two optical compensatory sheets, each of said polarizing elements being arranged 
on each side of the liquid crystal cell, each of said optical compensatory sheets being arranged between the liquid 

20 crystal cell and each polarizing element, wherein the optical compensatory sheet comprises an optically anisotropic 
layer formed of discotic liquid crystal molecules provided on a transparent substrate, said discotic liquid crystal mole- 
cules being horizontally aligned in the optically anisotropic layer, and wherein an average inclined angle between 
discotic planes of the discotic liquid crystal molecules and a surface of the transparent substrate is less than 5°, said 
discotic liquid crystal molecules being fixed in the optically anisotropic layer while keeping the horizontal alignment. 

2S [0018] The invention further provides a liquid crystal display comprising a liquid crystal cellof a bend alignment mode, 
two polarizing elements and one or two optical compensatory sheets, each of said polarizing elements being arranged 
on each side of the liquid crystal cell, each of said optical compensatory sheets being arranged between the liquid 
crystal cell and each polarizing element, wherein the optical compensatory sheet comprises an optically anisotropic 
layer formed of discotic liquid crystal molecules provided on a transparent substrate, said discotic liquid crystal mole- 

30 cules being horizontally aligned in the optically anisotropic layer, and wherein an average inclined angle between 
discotic planes of the discotic liquid crystal molecules and a surface of the transparent substrate is less than 5°, said 
discotic liquid crystal molecules being fixed in the optically anisotropic layer while keeping the horizontal alignment. 
[0019] The present inventors have found that an optical compensatory sheet having a large negative optical anisot- 
ropy in which an optical axis is essentially not inclined can be obtained by adjusting an average inclined angle between 

35 discotic planes of discotic liquid crystal molecules and a surface of the transparent substrate to be less than 5°. However, 
it is difficult according prior art to align discotic liquid crystal molecules in such manner (homeotropic alignment). The 
present inventors have further studied the alignment of the discotic liquid crystal molecules, and have finally succeeded 
in aligning the discotic liquid crystal molecules having an average inclined angle of less than 5°. The homeotropic 
alignment of the discotic liquid crystal molecule is obtained by using a specific amount (based on the discotic liquid 

•to crystal molecule) of a cellulose ester of a lower fatty acid, a fluorine containing surface active agent or 1 ,3,5-triazine 
compound. 

[0020] Therefore, the optical compensatory sheet of the present invention has a large negative optical anisotropy in 
which an optical axis is essentially not inclined. The optical compensatory sheet of the invention is particularly effective 
in a liquid crystal display of a vertical alignment mode or a bend alignment mode, in which most of rod-like liquid crystal 
i5 molecules are essentially vertically aligned. 

[0021] For the reasons mentioned above, the excellent characteristics (a wide viewing angle and a rapid response) 
of a liquid crystal display of a vertical alignment mode or a bend alignment mode are further improved by using optical 
compensatory sheet oi the present invention. 



so BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] Fig. 1 is a sectional view schematically illustrating alignment of rod-like liquid crystal molecules in a liquid 
crystal cell of a vertical alignment mode and discotic liquid crystal molecules in an optically anisotropic layer when 
voltage is not applied (off) or is applied (on) to the cell. 
55 [0023] Fig. 2 is a sectional view schematically illustrating alignment of rod-like liquid crystal molecules in a liquid 
crystal cell of a bend alignment mode and discotic liquid crystal molecules in an optically anisotropic layer and a second 
optically anisotropic layer when voltage is not applied (off) or is applied (on) to the cell. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0024] A liquid crystal display is described by referring to the drawings. 

[0025] Fig. 1 is a sectional view schematically illustrating alignment of rod-like liquid crystal molecules in a liquid 
crystal cell of a vertical alignment mode and discotic liquid crystal molecules in an optically an.sotropic layer when 
voltage is not applied (off) or is applied (on) to the cell. 

[0026] As is shown in Fig. 1. a liquid crystal cell (11 to 13) comprises an upper substrate (11), a lower substrate ( 1 3) 
and liquid crystal (12) comprising rod-like liquid crystal molecules (12a to 12d) sealed between the substrates 
[0027] Each of the upper substrate (11 ) and the lower substrate (1 3) has an orientation layer and en electrode (not 
shown in Fig. 1). The orientation layer has a function of aligning the rod-like liquid crystal molecules (12a to 12d) The 
electrode has a function of applying voltage to the rod-like liquid crystal molecules (12a to 12d) 
[0028] When voltage is not applied to the liquid crystal cell of a vertical alignment mode, the rod-like liquid crystal 
molecules (1 2a to 1 2d) are essentially vertically aligned as is shown in (off) of Fig. 1 . The rod-like liquid crystal molecules 
(12a to 1 2d) are slightly slanted (pretilted) to a direction (rightward in Fig. 1 ). The slanted molecules can be aligned to 
the pretilted direction when voltage is applied to the cell, as is shown in (on) of Fig. 2. 

[0029] An optical compensatory sheet (14 to 16) is provided under the liquid crystal cell (11 to 13) The optical com- 
pensatory sheet shown in Fig. i comprises a transparent substrate (16), an orientation layer (15) and an optically 
anisotropic layer (14) in this order. The optically anisotropic layer (14) is formed by aligning discotic liquid crystal mol- 
ecules (14a) and fixing the molecules while keeping the alignment. 

[0030] According to the present invention, an average inclined angle (6) between discotic planes of the discotic liquid 
crystal molecules (14a) and a surface of the transparent substrate (16) is less than 5'. The average inclined angle (0) 
preferably is less than 4°, more preferably is less than 3°, further preferably is less than 2', and most preferably is less 
than 1 °. The average inclined angle (6) can be 0° (completely not inclined). 

[0031] When voltage is applied to the liquid crystal cell of a vertical alignment mode, the rod-like liquid crystal mol- 
2S cculcs (1 2b, 12c) placed in the middle of the cell are essentially horizontally aligned. On the other hand, the rod-like 
liquid crystal molecules (1 2a. 1 2d) neighboring the substrates ( 1 1 , 1 3) are obliquely aligned along the pretilted direction 
[0032] Fig. 2 is a sectional v.ew schematically illustrating alignment of rod-like liquid crystal molecules in a liquid 
crystal cell of a bend alignment mode and discotic liquid crystal molecules in an optically anisotropic layer and a second 
optically anisotropic layer when voltage is not applied (off) or is applied (on) to the cell. 
30 [0033] As is shown in Fig 2. a liquid crystal cell (21 to 23) comprises an upper substrate (21 ). a lower substrate (23) 
and liquid crystal (22) comprising rod-like liquid crystal molecules (22a to 22d) sealed between the substrates 
[0034] Each of the upper substrate (21 ) and the lower substrate (23) has an orientation layer and en electrode (not 
shown in Fig. 2). The orientation layer has a function of aligning the rod-like liquid crystal molecules (22a to 22d) The 
electrode has a function of applying voltage to the rod-like liquid crystal molecules (22a to 22d) 
35 [0035] When voltage is not applied to the liquid crystal cell of a bend alignment mode, the alignment of the rod-like 
• liquid crystal molecules (22a, 22b) near the upper substrate (21 ) is essentially antiparallel (symmetrical) to the alignment 
of the molecules (22c, 22d) near the lower substrate (23), as is shown in (off) of Fig. 2. The rod-like liquid crystal 
molecules (22a, 22d) neighboring the substrates (21 , 23) are essentially horizontally aligned. On the other hand the 
rod-like liquid crystal molecules (22b, 22c) placed in the middle of the cell are obliquely aligned 
■to [0036] An optical compensatory sheet (24 to 27) is provided under the liquid crystal cell (21 to 23) The optical 
compensatory sheet shown in Fig. 2 comprises a transparent substrate (27), an orientation layer (26), a second optically 
anisotropic layer (25) and an optically anisotropic layer (24) in this order. The second optically anisotropic layer (25) 
and the optically an.sotropic layer (24) are formed by aligning discotic liquid crystal molecules (25a to 25c and 24a) 
and fixing the molecules while keeping the alignment. 
4S [0037] In the second optically anisotropic layer(25), anaverage inclined angle between discotic planes of thediscotic 
liquid crystal molecules (25a to 25c) and a surface of the transparent substrate (27) is not less than 5° The inclined 
angle increases or decreases with increase of a distance f rem the surface of the transparent substrate to the discotic 
plane of the discotic liquid crystal molecules. In the optical compensatory sheet shown in Fig. 2, the inclined angle (9a 
to 6c) increases with increase of a distance from the surface of the transparent substrate (27) to the discotic plane of 
the discotic liquid crystal molecules (25a to 25c). 

[0038] The average inclined angle (6) between discotic planes of the discotic liquid crystal molecules (24a) and a 
surface of the transparent substrate (27) is the same as the angle described in Fig. 1. 

[0039] When voltage is applied to the liquid crystal cell of a bend alignment mode, the alignment of the rod-like liquid 
crystal molecules (22a to 22d) is rather weak compared before applying voltage (off), as is shown in (on) of Fig 2 
However, the alignment of the rod-like liquid crystal molecules (22a, 22b) near the upper substrate (21 ) is still essentially 
antiparallel (symmetrical) to the alignment of the molecules (22c, 22d) near the lower substrate (23) The rod-like liquid 
crystal molecules (22a. 22d) neighboring the substrates (21 , 23) are essentially horizontally aligned On the other hand 
the rod-like liquid crystal molecules (22b, 22c) placed in the middle of the cell are obliquely aligned 
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[0040] As is described above, most of rod-like liquid crystal molecules are essentially vertically aligned in a liquid 
crystal cell of a vertical alignment mode (Fig. 1) or a bend alignment mode (Fig. 2) The optical anisotropy of the 
essentially vertically aligned rod-like liquid crystal molecules can be optically compensated by discotic liquid crystal 
molecules having an inclined angle (0) of less than 5° 
5 [0041] In the present specification, the term "essentially vertically (or horizontally)" and the term "essentially parallel 
(or perpendicular)" mean that a margin for error based on the exactly vertical, horizontal, parallel or perpendicular 
angle is in the range of ±20°. The margin for error is preferably in the range of ±15°. more preferably in the range of 
±10°, and most preferably in the range of ±5\ 

[0042] In the specification, alignment of liquid crystal molecules means that the average aligned angle of the com- 
10 pounds is included in the above-mentioned range, even if aligned angles of some molecules are outside the range. In 
practice, all the liquid crystal molecules are not always aligned along a single direction. 

(Optically anisotropic layer] 

/5 [0043] The optically anisotropic layer is formed by aligning discotic liquid crystal molecules and fixing the molecules 
while keeping the alignment. The discotic liquid crystal molecules are preferably fixed by a polymerization reaction, 
though the molecules can be fixed with a binder. 

[0044] The discotic liquid crystal molecule is described in various documents (C. Destrade et al., Mol. Crysr. Liq. 
Cryst., vol. 71. page 111 (1981); Japan Chemical Society, Quarterly Chemical Review (written in Japanese), chapter 
20 5 and chapter 10, section 2 (1994); B. Kohne el al., Angew. Chem. Soc. Chem. Comm., page 1794 (1935); and J. 
Zhang et al., J. Am. Chem. Soc, vol. 116, page 2655 (1994)). The polymerization reaction of the discotic liquid crystal 
molecule is described in Japanese Patent Provisional Publication No. 8(1 996)-27284. 

[0045] A polymerizable group should be bound to a discotic core of the discotic liquid crystal molecule to cause the 
polymerization reaction of the compound. However, if the polymerizable group is directly bound to the discotic core, it 
25 is difficult to keep the alignment at the polymerization reaction. Therefore, a linking group is introduced between the 
discotic core and the polymerizable group. Accordingly, the discotic liquid crystal molecule having a polymerizable 
group preferably is a compound represented by the following formula (I) 

(') D(-L-P) n 

in which D is a discotic core; L is a divalent linking group: P is a polymerizable group; and n is an integer of 4 to 12. 
[0046] Examples of the discotic cores (D) are shown below. In the examples, LP (or PL) means the combination of 
the divalent linking group (L) and the polymerizable group (P). 

35 

(Dl) (D2) 



40 



45 



50 




LP 

55 
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[0047] In the formula (I), the divalent linking group (L) preferably is selected from the group consisting of an alkylene 
20 group, an alkenylene group, an arylene group, -CO, -NH-, -O-, -S- and combinations thereof. L more preferably is a 
divalent linking group comprising at least two divalent groups selected from the group consisting of an alkylene group, 
an arylene group, -CO-, -NH-, -O- and -S-. L more preferably is a divalent linking group comprising at least two divalent 
groups selected from the group consisting of an alkylene group, an arylene group, -CO- and -O-. The alkylene group 
preferably has 1 to 12 carbon atoms. The alkenylene group preferably has 2 to 12 carbon atoms. The arylene group 
25 preferably has 6 to 10 carbon atoms. 

[0048] Examples of the divalent linking groups (L) are shown below. In the examples, the left side is attached to the 
discotic core (D), and the right side is attached to the polymerizable group (P). The AL means an alkylene group or an 
alkenylene group. The AR means an arylene group. The alkylene group, the alkenylene group and the arylene group 
may have a substituent group (e g., an alkyl group). 

30 

L1: -AL-CO-O-AL-O-CO- 

L2: -AL-CO-O-AL-O- 

L3: -AL-CO-O-AL-O-AL- 

L4: -AL-CO-O-AL-O-CO- 
35 L5: -CO-AR-O-AL- 

L6: -CO-AR-O-AL-O- 

L7: -CO-AR-O-AL-O-CO- 

L8: -CO-NH-AL- 

L9: -NH-AL-O- 
40 L10: -NH-AL-O-CO- 

L11:-0-AL- 

L12: -O-AL-O- 

L13: -O-AL-O-CO- 

L14: -O-AL-O-CO-NH-AL- 
45 LIS: -O-AL-S-AL- 

L16: -O-CO-AL-AR-O-AL-O-CO- 

L17: -O-CO-AR-O-AL-CO- 

L18; -O-CO-AR-O-AL-O-CO- 

L19: -O-CO-AR-O-AL-O-AL-O-CO- 
50 L20: -O-CO-AR-O-AL-O-AL-O-AL-O-CO- 

L21:-S-AL- 

L22: -S-AL-O- 

L23: -S-AL-O-CO- 

L24: -S-AL-S-AL- 
55 L25: -S-AR-AL- 

[0049] The polymerizable group (P) is determined by the polymerization reaction. Examples of the polymerizable 
groups (P) are shown below. 
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(PI) (P2) (P3) 

— CH=CH 2 — CECH — CH 2 -CECH 



(P4) (P5) (?6) 

— NH 2 — S0 3 H O 

/o — CH 2 -CH-CH 2 



(P7) (P8) (P9) 

is CH 3 — CH=CH-CH 3 — N=C=S 



25 



50 



55 



45 



=CH 



2 



(P10) (Pll) (P12) 

— SH — CHO —OH 



(P13) (P14) (PIS) 

— C0 2 H — N=C=0 — CH=CH-C 2 H 5 



(P16) (P17) (P13) 

— CH=CH-n-C 3 H 7 — CH=C-CH 3 O 

CH 3 " _c'h^H 2 

[0050] The polymerizable group (P) preferably is an unsaturated polymerizable group (PI P2 P3 P7 P8 P15 P16 
P17) or an epoxy group (P6, P18), more preferably is an unsaturated polymerizable group, and most preferably is an 
ethylenically unsaturated group (P1, P7, P8, P1 5, P 16, P1 7). 

[0051] In the formula (I), n is an integer of 4 to 12, which is determined by the chemical structure of the discotic core 
identical combina,lons <* L and P can be different from each other. However, the combinations are preferably 

[0052] In the present invention, the discotic liquid crystal molecules are so aligned that an average inclined angle 
between discotic planes ol the discotic liquid crystal molecules and a surface of the transparent substrate is not less 
than To obtain the above-mentioned alignment ol the discotic liquid crystal molecules, a specific amount of a specific 
compound is preferably used to cause a phase separation between the compound and the discotic liquid crystal mol- 
ecules. Examples of the compounds causing the phase separation include a cellulose ester of a lower fatty acid a 
fluorine containing surface active agent and a 1 ,3,5-triazine compound. 

[0053] The term "lower fatty acid" of the cellulose ester means a latty acid having 1 to 6 carbon atoms The lower 
fatty acid preferably has 2 to 5 carbon atoms, and more preferably has 2 to 4 carbon atoms. The fatty acid may have 

»o a substituent group (e.g. , hydroxyl). Two or more fatty acids may form an ester with cellulose acetate Examples of the 
cellulose esters of the lower fatty acids include cellulose acetate, cellulose propionate, cellulose butyrate cellulose 
hydroxypropionate. cellulose acetate propionate and cellulose acetate butyrate. Cellulose acetate butyrate is particu- 
larly preferred. Butyric acid content of the cellulose acetate butyrate is preferably not less than 30%. more preferably 
in the range of 30 to 80%. Acetic acid content of the cellulose acetate butyrate is preferably less than 30% and more 

ss preferably in the range of 1 to 30%. 

[0054] The amount of the cellulose ester of the lower fatty acid is in the range of 0.01 to 1 wt.% based on the amount 
of the d«cotic Itqurd crystal molecule. The amount is preferably in the range of 0.1 to 1 wt.%, and more preferably in 
the range of 0 3 to 0 9 wt %. y 
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[0055] The fluorine containing surface active agent comprises a hydrophobic group containing fluorine, a nonionic. 
anionic, cationic or amphoteric hydrophilic group and an optional linking group. 

[0056] The fluorine containing surface active agent comprising one hydrophobic group and one hydrophilic group is 
represented by the following formula (II). 

5 

(II) Rf-L 3 -Hy 

in which Rf is a monovalent hydrocarbon group substituted with fluorine; L 3 is a single bond or divalent linking group; 
10 and Hy is a hydrophobic group. 

[0057] • Rf in the formula (II) functions as a hydrophobic group. The hydrocarbon group preferably is an alkyl group 
or an aryl group. The alkyl group preferably has 3 to 30 carbon atoms. The aryl group preferably has 6 to 30 carbon 
atoms. 

[0058] All or a part of hydrogen atoms contained in the hydrocarbon group is substituted with fluorine. At least 50% 
15 of hydrogen atoms are preferably substituted with fluorine. More preferably at least 60%, further preferably at least 
70%, and most preferably at least 80% of hydrogen atoms are substituted with fluorine. 
[0059] The other hydrogens may be substituted with other halogen atoms (e.g., chlorine, bromine). 
[0060] Examples of Rf are shown below. 

20 RM:n-C 8 F 17 - 

Rf2:n-C 6 F 13 - 

Rf3: CI-(CF 2 -CFCI) 3 -CF 2 - 

Rf4: H-(CF 2 ) 8 - 

Rf5: H-(CF 2 ) 10 - 
25 Rf6: n-C 9 F 19 - 

Rf7; Pentafluorophenyl 

Rf8;n-C 7 F 15 - 

Rf9: CI-(CF 2 -CFCI) 2 -CF 2 - 

Rf10: H-(CF 2 ) 4 - 
30 Rf11: H-(CF 2 ) 6 - 

Rf12; CI-(CF 2 ) 6 -' 

Rf13: C 3 F 7 - 

[0061] In the formula (II), the divalent linking group is preferably selected from the group consisting of an alkylene 
35 group, an arylene group, a divalent heterocyclic group, -CO-, -NR- (in which R is hydrogen or an alkyl group having 1 
to 5 carbon atoms), -O-, -S0 2 - and a combination thereof. 

[0062] Examples of R 3 in the formula (II) are shown below. In the following examples, the left side is attached to a 
hydrophobic group (Rf) and the right side is attached to a hydrophilic group (Hy). AL means an alkylene group, AR 
means an arylene group, and He means a heterocyclic group. The alkylene group, the arylene group and the hetero- 
J0 cyclic group may have a substituent group (e.g., an alkyl group). 

LO; a single bond 
L31:-S0 2 -NR- 
L32: -AL-O- 
45 L33: -CO-NR- 

L34; -AR-O- 

L35; -S0 2 -NR-AL-CO-0- 
L36; -CO-O- 
L37: -S0 2 -NR-AL-0- 
so L38: -S0 2 -NR-AL- 

L39: -CO-NR-AL- 
L40: -AL 1 -O-AL 2 - 
L41: -Hc-AL- 

L42; -S0 2 -NR-AL 1 -0-AL 2 - 
55 L43: -AR- 

L44: -0-AR-S0 2 -NR-AL- 
L45; -0-AR-S0 2 -NR- 
L46: -O-AR-O- 
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[0063] Hy in the formula (II) is a nonionic hydrophilic group, an anionic hydrophilic grouo, a ca.ionic hydrophilic qrouo 
or a com bl na.,on .hereof (an amphoteric hydrophilic group). A nonion,c hydrophilic group is part.culady preferred P 
[0064] Examples of Hy.n the formula (II) are shown below. ype.erreo. 

Hyl: -(CH 2 CH 2 0) n -H (n: an integer of 5 to 30) 

hS IS^mS™ ' "LT in ' e9er °' 5 '° 30 R ' : an a,kyl flroup havin 9 1 to 6 carbon a <°™) 
nyj. -(Ui-i 2 UMUHCH 2 j n -H (n: an integer of 5 to 30) 

Hy4: -COOM (M: hydrogen, an alkali metal atom or dissociated) 

Hy5: -S0 3 M (M: hydrogen, an alkali metal atom or dissociated) 

hI? ^^^ CH ^ CH ^ H 2-^M < n: an inte 9er of 5 to 30, M; hydrogen or an alkali metal atom) 

Hy8: -N + (CH 3 ) 3 -X- (X: a halogen atom) 
Hy9: -COONH 4 



FS-1: Rf1-L31(R=C 3 H 7 )-Hy1(n=6) 
FS-2: Rf1-L31(R=C 3 H 7 )-Hy1(n=11) 
FS-3: Rf1-L31(R=C 3 H 7 )-Hy1(n=16) 
FS-4: Rf1-L31(R=C 3 H 7 )-Hy1(n=21) 
FS-5: Rf1-L3l(R=C 2 H 5 )-Hy1(n=6) 
FS-6: Rf1-L31(R=C 2 H 5 )-Hy1(n=11) 
c S-7: Rf1-L31(R=C 2 H 5 j-Hy1(n=16) 
FS-8: Rf1-L31(R=C 2 H 5 )-Hy1(n=21) 
FS-9: Rf2-L31(R=C 3 H 7 )-Hy1(n=6) 
FS-10: Rf2-L31(R=C 3 H 7 )-Hy1(n=11) 
FS-11: Rf2-L31(R=C 3 H 7 )-Hy1(n=16) 
FS-12: Rf2-L31(R=C 3 H 7 )-Hy1(n=21) 
FS-1 3: Rf3-L32 (AL=CH 2 )-Hy1 (n=5) 
FS-14: Rf3 -L32 (AL=CH 2 )-Hy1 (n=10) 
FS-1 5: Rf3-L32(AL=CH 2 )-Hy1(n=15) 
35 FS-1 6: Rf3-L32 (AL=CH 2 )-Hy1(n=20) 

FS-1 7: Rf4-L31(R=C 3 H 7 )-Hy1(n=7) 
FS-18: Rf4-L31(R=C 3 H 7 )-Hy1(n=13) 
FS-1 9: Rf4-L31(R=C 3 H 7 )-Hy1(n=19) 
FS-20: Rf4-L31(R=C 3 H 7 )-Hy1(n=25) 
40 FS-21: Rf5-L32 (AL=CH 2 )-Hy1(n=11) 

FS-22: Rf5-L32 (AL=CH 2 )-Hy1 (n=15) 
FS-23: Rf5-L32 (AL=CH 2 )-Hy1 (n=20) 
FS-24: Rf5-L32 (AL=CH 2 )-Hy1 (n=30) 
FS-25: Rf6-L34 (AR=p-phenylene)-Hy1 (n = 11 ) 
FS-26: Rf6-L34 (AR=p-phenylene)-Hyl (n=17) 
FS-27; Rf6-L34 (AR=p-phenylene)-Hyl (n=23) 
FS-28: Rf6-L34(AR=p-phenylene)-Hy 1 (n=29) 
FS-29: RM-L35(R=C 3 H 7 , AL=CH 2 )-Hy1 (n=20) 
FS-30: Rf|-L35(R=C 3 H 7 , AL=CH 2 )-Hy1 (n=30) 
FS-31: Rf1-L35(R=C 3 H 7 , AL=CH 2 )-Hy1 (n=40) 
FS-3'2: Rfl-L36-Hy1(n=5) 
FS-33: Rf1-L36-Hy1(n=10) 
FS-34: Rf1-L36-Hy1(n=15) 
FS-35: Rf1-L36-Hy1(n=20) 
55 FS-35: Rf7-L36-Hy1(n=8) 

FS-37: Rf7-L36-Hy1(n=l3) 
FS-33: Rf7-L36-Hy1(n=18) 
FS-39: Rf7-L36-Hy1(n=25) 
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FS-40: Rf1-L0-Hy1(n=6) 

FS-41: RM-L0-Hy1(n=11) 

FS-42: Rf1-L0-Hy1(n=l6) 

FS-43: Rf1-L0-Hy1(n=21) 
5 FS-44: Rf1-L31(R=C 3 H 7 )-Hy2(n=7, R 1 = C 2 H 5 ) 

FS-45 Rf 1 -L31 (R=C 3 H 7 )-Hy2(n=1 3, R , =C 2 H 5 ) 

FS-46: Rf1-L31(R=C 3 H 7 )-Hy2(n=20. R 1 =C 2 H 5 ) 

FS-47: Rf1-L31(R=C 3 H 7 )-Hy2 (n=28. R 1 =C 2 H 5 ) 

FS-48: Rf8-L32(AL=CH2)-Hy1(n=5) 
10 FS-49: Rf8-L32(AL=CH 2 )-Hy1(n=lO) 

FS-50: Rf8-L32 (AL=CH 2 )-Hy1 (n=1 5) 

FS-51: Rf8-L32(AL=CH 2 )-Hy1(n=20) 

FS-52: Rf1-L37(R=:C 3 H 7 . AL=CH 2 CH 2 )-Hy3(n=5) 

FS-53: Rf1-L37(R=C 3 H 7 , AL=CH 2 CH 2 )-Hy3(n=7) 
is FS-54: Rf1-L37(R=C 3 H 7 , AL=CH 2 CH 2 )-Hy3(n=9) 

FS-55: Rf1-L37(R=C 3 H 7 , AL=CH 2 CH 2 )-Hy3 (n=12) 

FS-56: Rf9-L0-Hy4(M=H) 

FS-57: Rf3-L0-Hy4(M=H) 

FS-58: Rf1-L38(R=C 3 H 7 , AL=CH 2 )-Hy4(M=K) 
20 FS-59: Rf4-L39(R=C 3 H 7 , AL=CH 2 )-Hy4(M=Na) 

FS-60: Rf1-L0-Hy5(M=K) 

FS-61: Rf10-L40(AL 1 =CH 2 , AL 2 =CH 2 CH 2 )-Hy5(M=Na) 

FS-62: Rf 11 -L40(AL 1 =CH 2 , AL 2 =CH 2 CH 2 )-Hy5(M=Na) 

FS-63: Rf5-L40(AL 1 =CH 2 , AL 2 =CH 2 CH 2 )-Hy5(M=Na) 
25 FS-64: Rf 1 -L38(R=C 3 H 7 , AL=CH 2 CH 2 CH 2 )-Hy5(M=Na) 

FS-65: RM-L31(R=C 3 H 7 )-Hy6(n=5, M=Na) 

FS-66: Rf1-L31(R=C 3 H 7 )-Hy6(n=10, M=Na) 

FS-67: Rf1-L31(R=C 3 H 7 )-Hy6(n=15, M=Na) 

FS-68: Rf14.31(R=C 3 H 7 )-Hy6(n=20, M-Na) 
30 FS-69: Rf1-L38(R=C 2 H 5 , AL=CH 2 CH 2 )-Hy7 

FS-70: Rf1-L38(R=H, AL=CH 2 CH 2 CH 2 )-Hy8(X=l) 

FS-71: Rf11-L41(Hc=shown below, AL=CH 2 CH 2 CH 2 )-Hy6(M=dissociated) 



(He Of FS-71) 



40 




FS-72: Rf1-L42 (R=C 5 H 7 . AL^CHgCH^ AL 2 =CH 2 CH 2 CH 2 )-Hy6 (M=Na) 

FS-73: Rf12-L0-Hy5(M=Na) 
45 FS-74: RH3-L43 (AR=o-phenylene)-Hy6(M=K) 

FS-75: Rf13-L43 (AR=nn-phenylene)-Hy6(M=:K) 

FS-76: Rf13-L43 (AR=p-phenylene)-Hy6(M=K) 

FS-77: Rf6-L44(R=C 2 H 5 , AL=CH 2 CH 2 )-Hy5(M=H) 

FS-78: Rf6-L45(AR=p-phenylene, R=C 2 H 5 )-Hy1 (n=9) 
so FS-79: Rf6-L45 (AR=p-phenylene, R=C 2 H S )-Hy1 (n=1 4) 

FS-80: Rf6-L45 (AR=p-phenylene, R=C 2 H 5 )-Hyl (n-1 9) 

FS-81: Rf6-L45(AR=p-phenylene, R=C 2 H 5 )-Hy1 (n=28) 

FS-82: Rf6-L46(AR=p-phenylene)-Hy1 (n=5) 

FS-83: Rf6-L46(AR=p-phenylene)-Hy1 (n=1 0) 
55 FS-84: Rf6-L46(AR=p-phenylene)-Hy1 (n=1 5) 

FS-85: Rf6-L46(AR=p-phenylene)-Hy1 (n=20) 

[0067] The fluorine containing surface active agent may have two or more hydrophobic groups containing fluorine 
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or two or more hydrophilic groups. Examples of the fluorine containing surface active agents containing two 
hydrophobic or hydrophilic groups are shown below 



or more 



w 



15 



CH 3 CH 3 
i i J 

CH 3 CHCH 2 



H-(CF 2 ) 8 -CO-(OCH 2 CH 2 ) nI -0 



FS-86 
FS-87 
FS-88 



nl+n2=12 
nl+n2=18 
nl+n2=24 



(FS-86 Co FS-88) 




CH, 



2CHCH3 

6-(CH 2 CH 2 0) n2 -CO-(CF 2 ) 8 -H 



20 



25 



CH, 



CH, 



(FS-89 
CH 3 



to FS-91) 



CH 3 CHCH 2 ^-CH=CH^-CH 2 CHCH 3 
H-(CF 2 ) 8 -C 0 -(OCH 2 CH 2 ) nl -0 6-(CH 2 CH 2 0) n2 --H 



FS-89 
FS-90 
FS-91 



nl+n2=20 
nl+n2=30 
nl+n2=40 



30 



35 



40 



45 




FS-92: 


n=5 


FS-93 : 


n=10 


FS-94: 


n=15 


FS-95: 


n=20 



(FS-92 to FS-95) 

— (CH-CH) 50 — 

0=C C=0 C 3 H 7 

OH OCH 2 CH 2 — (OCH 2 CH 2 ) n -NS0 2 -n.C B F 17 



(FS-96) 

H— {CF 2 ) 6 -CH 2 -0-CO-CH 2 
H -(CF 2 ) 6 -CH 2 -0-<:O^CH-»S0 3 Na 

[0068] Two or more fluorine containing surface active agents can be used in combination. 

[0069] The surface active agents are described in various documents, such as Hiroshi Horiguchi, New Surface Active 
Agents, Sankyo Shuppan, 1 Q75 (written in Japanese), M.J. Schick, Nonionic Surfactants, Marcel! Dekker Inc., New 
York, 1967 and Japanese Patent Provisional Publication No. 7(1 995)- 1 3293. 

[0070] The fluorine containing surface active agent is used in an amount of 2 to 30 wt.% based on the amount of the 
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discotic liquid crystal molecules. The amount is preferably in the range of 3 to 25 wt.%, and more preferably in the 
range of 5 to 10 wt.%. 

[0071] The 1 ,3,5-triazine compound is preferably represented by the following formula (III). 



15 

in which each of X 1 , X 2 and X 3 independently is a single bond, -NR- (wherein R is hydrogen or an alkyl group having 
1 to 30 carbon atoms), -O- or -S-; and each of R 31 , R 32 and R 33 independently is an alkyl group, an alkenyl group, an 
aryl group or a heterocyclic group. 

[0072] The compound represented by the formula (III) preferably is a melamine compound. The melamine compound 
20 means that each of X 1 , X 2 and X 3 is -NR- or lhal each of X 1 , X 2 and X 3 is a single bond and each of R 31 , R 32 and R 33 
independently is a heterocyclic group having a free valence at nitrogen atom. The melamine compound is described 
below by referring to the formula (IV). 
[0073] R of -NR- preferably is hydrogen. 
[0074] Each of R 31 , R 32 and R 33 preferably is an aryl group. 
25 [0075] The alkyl group preferably has a chain structure rather than a cyclic structure. An alkyl group of a straight 
chain structure is preferred to an alkyl group of a branched. chain structure. The alkyl group preferably has 1 to 30 
carbon atom, more preferably has 2 to 30 carbon atoms, further preferably has 4 to 30 carbon atoms, and most pref- 
erably has 6 to 30 carbon atoms. The alkyl group may have a substituent group. Examples of the substituent groups 
include a halogen atom, an alkoxy group (e.g., methoxy, ethoxy, epoxyethyloxy) and an acyloxy group (e.g. , acryloyloxy, 
30 methacryloyloxy). 

[0076] The alkenyl group preferably has a chain structure rather than a cyclic structure. An alkenyl group of a straight 
chain structure is preferred to an alkenyl group of a branched chain structure. The alkenyl group preferably has 2 to 
30 carbon atom, more preferably has 3 to 30 carbon atoms, further preferably has 4 to 30 carbon atoms, and most 
preferably has 6 to 30 carbon atoms. The alkenyl group may have a substituent group. Examples of the substituent 

35 groups include a halogen atom, an alkoxy group (e.g., methoxy, ethoxy, epoxyethyloxy) and an acyloxy group (e.g., 
• acryloyloxy, methacryloyloxy). 
[0077] The aryl group preferably is phenyl or naphthyi, and more preferably is phenyl. The aryl group may have a 
substituent group. Examples of the substituent groups include a halogen atom, hydroxyl, cyano, nitro, carboxyl, an 
alkyl group r an alkenyl group, an aryl group, an alkoxy group, an alkenyloxy group, an aryloxy group, an acyloxy group, 

40 an alkoxycarbonyl group, an alkenyloxycarbonyl group, an aryloxycarbonyl group, sulfamoyl, an alkyl substituted sul- 
famoyl group, an alkenyl substituted sulfamoyl group, an an/I substituted sulfamoyl group, a sulfonamido group, car- 
bamoyl, an alkyl substituted carbamoyl group, an alkenyl substituted carbamoyl group, an aryl substituted carbamoyl 
group, an amido group, an alkylthio group, an alkenylthio group, an arylthio group and an acyl group. 
[0078] The alkyl group has the same meanings as is described above. The alkyl moieties of the alkoxy group, the 

45 acyloxy group, the alkoxycarbonyl group, the alkyl substituted sulfamoyl group, the sulfonamido group, the alkyl sub- 
stituted carbamoyl group, the amido group, the alkylthio group and the acyl group also have the same meanings as is 
described above. 

[0079] The alkenyl group has the same meanings as is described above. The alkenyl moieties of the alkenyloxy 
group, the acyloxy group, the alkenyloxycarbonyl group, the alkenyl substituted sulfamoyl group, the sulfonamido 
50 group, the alkenyl substituted carbamoyl group, the amido group, the alkenylthio group and the acyl group also have 
the same meanings as is described above. 

[0080] Examples of the aryl groups include phenyl, a-naphthyl, b-naphthyl, 4-methoxyphenyl, 3,4-diethoxyphenyl, 
4-octyloxyphenyl and 4-dodecyloxyphenyl. Examples of the phenyl moieties of the aryloxy group, the acyloxy group, 
the aryloxycarbonyl group, the aryl substituted sulfamoyl group, the sulfonamido group, the aryl substituted carbamoyl 
55 group, the amido group, the arylthio group and the acyl group are the same as the examples of the phenyl group. 

[0081] Where X 1 , X 2 or X 3 is -NR-, -O- or -S-, the heterocyclic group preferably has aromaticity. An aromatic hete- 
rocyclic ring generally is an unsaturated heterocyclic ring, and preferably is a heterocyclic ring having the maximum 
number of double bonds. The heterocyclic ring preferably is a five-membered, six-membered or seven-membered ring, 



5 



(III) 




X 1 -R31 



w 



R32 
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more preferably is a five-rnembered or six-membered ring, and most preferably is a six-membered ring. The hetero 
atom of the ring preferably is N, S or O. and more preferably is N. The aromatic heterocyclic ring most preferably is 
pyridine ring. The heterocyclic group preferably is 2-pyridyl or 4-pyridyl. The heterocyclic group may have a substituent 
group. Examples of the substituent groups are the same as those of the substituent groups of the aryl group. 
[0082] Where X 1 , X 2 or X 3 is a single bond, the heterocyclic group preferably has a free valence at nitrogen atom. 
The heterocyclic ring preferably is a five-membered. six-membered or seven-membered ring, more preferably is a five- 
membered or six-membered ring, and most preferably is a five-membered ring. The heterocyclic ring may contain two 
or more nitrogen atoms. The heterocyclic ring may contain another hetero atom (e.g., O, S). The heterocyclic ring may 
have a substituent group. Examples of the substituent groups are the same as those of the substituent groups of the 
aryl group. Examples of the heterocyclic groups having a free valence at nitrogen atom are shown below. 




40 



45 




(Hc-7) (Hc-8) (Hc-9) 

n-C 16 H 37 -NH-CO n-C n H 23 



— N 



n-C 10 H 21 



so 



55 



(Hc-10) 

— r/ \d 



(Hc-ll) 



N- ' CH 3 



In 



Br 



(Hc-12) 
n-C 8 H 17 -0-CO 



[0083] At least one of R 31 , R 32 and R 33 preferably contains an alkylene moiety having 9 to 30 carbon atoms or an 
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alkenylene moiety having 9 to 30 carbon atoms. The alkylene moiety or the alkenylene moiety preferably has a straight 
chain structure. The alkylene moiety or the alkenylene moiety is preferably contained in a substituent group of an aryl 
group. 

[0084] At least one of R 31 , R 32 and R 33 preferably contains a polymerizable group as a substituent group. The 
5 1 .3,5-triazine compound preferably has at least two polymerizable groups. The polymerizable group is preferably po- . 
sitioned at the end of R 31 , R 32 or R 33 . 

[0085] Where the polymerizable group is introduced into the 1. 3,5-triazine compound, the discotic liquid crystal mol- 
ecules and the 1 , 3,5-triazine compound can be polymerized in the optical anisotropic layer. 

[0086] Examples of R 31 , R 32 or R 33 having a polymerizable group as a substituent group are represented by the 
10 formula (Rp). 



is in which L 5 is a (n+1) valent linking group; P is a polymerizable group; and n is an integer of 1 to 5. 

[0087] In the formula (Rp), L 5 preferably is a linking group consisting of at least two of an alkylene group, an alkenylene 
group, a (n+1) valent aromatic group, a divalent heterocyclic group, -CO-, -NR- (wherein R is hydrogen or an alkyl 
group having 1 to 30 carbon atoms), -O, -S- and -S0 2 -. The alkylene group preferably has 1 to 12 carbon atoms. The 
alkenylene group preferably has 2 to 12 carbon atoms. The aromatic group preferably has 6 to 10 carbon atoms. 

20 [0088] Examples of L 5 of the formula (Rp) are shown below. The left side is attached to X 1 , X 2 or X 3 (or directly 
attached to 1 ,3,5-triazine ring where X 1 , X2 or X 3 is a single bond) in the formula (III). The right side is attached to a 
polymerizable group (P). AL means an alkylene group or alkenylene group. He means a divalent heterocyclic group, 
and AR means an aromatic group. The alkylene group, the alkenylene group, the heterocyclic group and the aromatic 
group may have a substituent group (e.g., an alkyl group, a halogen atom). 



[0089] Examples of the polymerizable groups (P) in the formula (Rp) are the same as those of the polymerizable 
groups (P1 to P18) of the discotic liquid crystal molecule. The polymerizable group is used to polymerize the 1 ,3,5-tri- 
azine compound and the discotic liquid crystal molecule. Accordingly, the polymerizable group of the 1 ,3,5-triazine 
compound is preferably similar to the polymerizable group of the discotic liquid crystal molecule. Therefore, the po- 
40 lymerizable group (P) of the 1 ,3,5-triazine compound preferably is an unsaturated polymerizable group (PI, P2, P3, 
P7, P8, P15, P16, P17) or an epoxy group (P6, P18), more preferably is an unsaturated polymerizable group, and 
most preferably is an ethylenically unsaturated group (PI , P7. P8, P15. P16, P17) in the same manner as in the discotic 
liquid crystal compound. 

[0090] Where n is an integer of 2 to 5, the linking group (L5) preferably contains a (n+1) valent aromatic group. In 
45 other words, the formula (Rp) is preferably branched at the (n+1 ) valent aromatic group. In the formula (Rp), n preferably 
is an integer of 1 to 3. 

[0091] Examples of the 1 ,3 ; 5-triazine compounds (except for melamine compounds) are shown below. 



(Rp) -L 5 (-P)n 



25 



30 



L51: 
L52: 
L53; 
154: 
L55: 
L56: 
L57: 
L58; 
L59: 



-AL-O-CO- . 
-AL-O- 

-AR(-0-AL-0-CO-) n 

-AR(-0-AL-0-) n 

-AR(-0-CO-AL-0-CO-) n 

-AR(-CO-0-AL-0-CO-) n 

-AR(-0-CO-AR-0-AL-0-CO-) n 

-AR(-NR-S0 2 -AL-0-CO-) n 

-AR(-S0 2 -NR-AL-0-CO-) n 



35 



SO 



(TR-1 to TR-13) 



55 




R32 



17 
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TR-i: R3i, R32 R 33 : -(CH 2 ) 9 -0-CO-CH=CH 2 

TR-2: R3i. R32 R33 : -(CH 2 ) 4 -CH = CH-(CH 9 ) 4 -0-CO-CH=CH. 

TR-3: R3i. R32- -(CH 2 ) 9 0-C0-CH=CH 2 ; R33 : -(CH 2 ) 12 -CH 3 

TR-4: R3i, R 32 : -(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -O.CO-CH = CH.: R33- .(CbUho-CH, 

TR-5: R3i; -(CH 2 ) 9 -0-CO-CH=CH 0 ; R 3 2 , R33 : . (CHo ) 10 -5h 3 

TR-6: R3i> (CH 2 ) 4 -CH=CH- (CH 2 ) 4 0-C0-CH=CH 2 ; R32 R 33 . (C u 1io . C h, 

TR-7 : R3i. R32 : . (CH 2 ) 4 -0-CO-CH=CH 2 : R33 (CH ,) 12 -CH 3 " 3 

TR-3: R3l:(CH 2 ) 4 -0-CO-CH=CH 2 ; R 32 , R33 : - (C H 2 ) 1 "-CH^ 

TR-9: R3i, R32 R 33 ■ - (C H 2 ) 9 -EpEt 

TR-10: R3i, R32, R33 ; -(CH 2 ) 4 -CH = CH-(CH 2 ) 4 0-EpEt 

TR-11; R31, R32; . ( CH 2 ) 9 -0-EpEt; R33;. (C H 2 ) 12 -CH 3 

TR-1 2: R3i , R32 , R 33 - -(CH,) 9 -0-CH=CH 2 

TR-13 : R31, R32 : - ( CH 2 ) 9 -0-CH=CH 2 ; R33 : -(CH 2 ) 12 -CH 3 (Remark) 
EpEt: Epoxyethyl 



(TR-14 to TR-65) 




R35 



35 



40 



45 



50 



55 



TR-14: X 1 

TR-1 5: Xi 

TR-1 6: X 1 

TR-17: xr 

TR-18: X 1 , 

TR-1 9: X 1 , X 2 , 

TR-20: X 1 , X2 : 

TR-21: X 1 , X2; 

TR-22: X 1 , X 2 : 

TR-23: X 1 
TR-24: X 1 
TR-25: X 1 
TR-26: X 1 
TR-27: X 1 , 
TR-28: X 1 , X 2 
TR-29: X 1 , X 2 : 
TR-30: X 1 



X 2 
X 2 , 
X 2 , 
X 2 , 
X 2 , 



X 2 : 
-O- 
-O-; 
-O- 

X 2 : 



O- 
-O-; 
-O-; 
-O-; 
-O-; 
-O-: 



CH 3 

TR-31 

TR-32 

TR-33 

TR-34 

TR-35 

TR-36 



X 2 : 

X^, X 2 : 
Xi, X 2 : 
X 1 , X 2 : 
X 1 , X 2 : 
X 1 , X 2 
X*. X 2 : 



,X3 
X3; 
X 3 
X 3 
X 3 
X3; 

-O- ; X3 
-O- ; X 3 : 
-O- ; X 3 : 
-O- ; X 3 : 
; X 2 X 3 : 
X 2 , X 3 : 
; X 2 x 3 : 
-NH-; X 3 
-NH-; X 3 : 
-NH-; X 3 
-NH-; X 3 : 

-NJH-; X 3 : 
-NH-: X 3 ; 
-O- ; X 3 
-O- ; X 3 
-O- ; X 3 
-O- : X 3 



; R 32 

R31, 
R32, 
R31, 

R 31 , 

R31, 
-NH- 
-NH- 
-NH- 
-NH- 
-NH- 
-NH-; 
-NH 
: -S-; 
-S-; 
: -S- 
-S 



R35 t R 38 . -0-(CH 2 ) 9 -0-CO-CH=CH 2 

R32, R34 R35) R36, R38; -O-(CH 2 ) g -0-CO-CH=CH 2 

R 38 : -0-(CH 2 ) 4 -CH-CH-(CH 2 ) 4 -0-CO-CH=CH 2 
R 34 pas, R36< R3 8- 0-(CH 2 U-CH=CH- (CH 2 ) 4 -0-CO-CH=CH 2 
R 34 ( R36, R37i R39 . 0-(CH 2 ) 9 -0-CO-CH=CH 2 2 

R 33 R34, R 35, R36 R37> R 38 , R 39 ; .Q. (CH 2 ) 9 -0-CO-CH=CH, 

R35 R38 ; -0-(CH 2 ) 9 -0-CO-CH=CH 2 
R35: -O-(CH 2 ) 4 -O-C0-CH=CH 2 ; R 3 8 : -0-(CH 2 ) 12 -CH 3 

0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 3 ? R 38 : 0-(CH 2 ) 12 -CH 3 
-0-(CH 2 ) 4 -0-CO-CH-CH 2 ; R 3 8; -0-CO-(CH 2 ) ir CH 3 
<>(CH 2 ) 12 -CH 3 ; R 35 , R 33 : -O- (CH 2 ) 9 -0-CO-CH=CH 2 
R31, R 32 : -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 3 * , R 38 ; -0-(CH 2 ) n -CH 3 
; R 31 , R 32 , R 33 ; -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 3 *, R38; - 0 -(CH?) u -CH, 
R 32 R 3 *: -0-(CH 2 ) 9 -0-CO--CH=CH 2 ; R 38 : O-CO-fCH^ -CH~ 
R3 Vo R3 !' c R341 R35; °-< C H2)9-0-CO-CH = CH,; R 3 *: ^CO-(CH 2 ) ir CH 3 

oS ^ d ;?- (C ^ 2 ^- CH - CH -( CH 2)4-0-C0.6h = CH 2 ; R38 : -0-CO-(CH 2)ll -CH 3 
' 1 ' ^ : -0-(CH 2 ) 4 -CH.CH-(CH 2 ) 4 -O.CO-CH = CH 2 ; R 38 : -0-CO-(CH 2)l1 - 

-S-; R3i, R33, R 34 R 36; -0-(CH 2 ) 9 -0-CO-CH=CH,; R38 : -0-CO-(CH 2 ) n -CH, 
^ R34 " ^ -0-!CH 2)9 -0-c6-CH=CH 2 ; R38; - J-CO^CH,), -CH 3 

- R32 f R 35 R 38 : -0-(CH 2 ) 9 0-CO-CH=CH 2 



R 35 
R 32 
R 33 
R 32 

;R 32 
; R 32 
; R 32 
; R 32 
; R 31 



R 35 
R 35 
R 33 



-S- 

-S- 

-s- 
-s- 



R 32 , R35 

R 32 , R35 
R 32 , R35 



0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R38 : 0-(CH 2 ) 12 -CH, 
-0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 37 . R 38 : -0-(CH 2 ) 12 -CH 3 
-0-(CH 2 ) 4 -0-CO-CHzrCH 2 ; R38 : -0-CO-(CH 2 ) n -CH 3 
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TR-37: 

TR-38: 

TR-39: 

TR-40: 

TR-41: 

TR-42: 

TR-43: 

TR-44: 

TR-45: 

TR-46: 

TR-47: 

TR-48: 

TR-49: 

TR-50: 

CH 3 

TR-51: 

CH 3 

TR-52: 

(CH 2 ) 1 

TR-53: 

TR-54: 

TR-55: 

TR-56: 

TR-57: 

TR-58: 

TR-59: 

TR-60: 

TR-61: 

TR-62: 

TR-63: 

TR-64. 

TR-65: 



-O- 
-O 

-o 

X 2 
X 2 
X 2 
X 2 

x 2 , 

X 2 
X 2 : 
X2; 
X2; 
X2; 
-O- 



: X 2 , X 3 : 
: X 2 X 3 
; X 2 , X 3 



-S 

-s 
-s- 

-S-: 
-S- 
-S- 
X 3 : 
-S-; X 3 : 



-S-; R 31 , R33; -0-(CH 2 ) l2 -CH 3 ; R 3 * R 38 ; -0-(CH 2 ) 9 -0-CO-CH=CH 2 
-S-; R 31 , R 32 : -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 35 . R 38 : -0-(CH 2 ) ir CH 3 

-S-; R 31 . R 32 , R 33 ; -0-(CH 2 ) 6 -0-CO-CH=:CH 2 ; R 35 . R 38 : -0-(CH 2 ) l1 -CH 3 

R 32 . R35. R38: -0-(CH 2 ) 9 -0-CO-CH=:CH 2 

R 31 , R 32 , R 34 R 3 * R 37 ?R 38 : 0-(CH 0 ) 9 -d-CO-CH=CH 2 
R 32 , R 35 , R 38 : -0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 

R 31 R 32 R 34 R 35 ) R 37 R 38- .0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 
R 31 R 33 R 34 R 36 R 37 R 39- 0-(CH 2 ) 9 -0-CO-CH=CH 2 

R 31 , R 32 R 33 R 34 , R 35 , R 36 , R 37 , R 38 , R 39 : 0-(CH 2 ) 9 -0-CO-CH=CH 2 
-NH-; R 32 , R 3 * R38 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 
-NH-; R 32 R 35 : -0-(CH 2 )4-0-CO-CH=CH 2 ; R 38 : -0-(CH 2 ) 12 -CH 3 
-NH-; R 32 , R 35 : 0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 37 R 38 : -0-(CH 2 ) 12 -CH 3 



-S- ; X 3 : 

-S-; X 3 : -NH-; R 32 R 35 : -0-(CH 2 ) 4 0-CO-CH=CH 2 ; R 38 : -0-CO-(CH 2 ) ir CH, 
X 2 : -NH-; X 3 : -S-; R 31 , R 33 : -0-(CH 2 ) 12 -CH 3 ; R 35 : <>-(CH 2 ) 9 0-CO-CH=CH 2 rR 38 : -O-CO- (CH 2 ) 1 



: -O-; X 2 : -NH-; X 3 : -S-; R 3t . R 32 : -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 35 : -0-(CH 2 ) ir CH 3 ; R 38 : -0-CO-(CH 2 ) n - 



-O-; X 2 : -NH-; X 3 : -S-; R 31 t R 32 , R 33 ; -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 35 : -0-(CH 2 ) ir CH 3 ; R 38 : -O-CO- 



-CH 3 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 2 , 
X 2 , 
X 2 , 
X 2 , 
X 2 , 
X 2 , 
X 2 : 
X 2 : 
X 2 : 
X 2 : 
-O- 

-o- 
-o- 



X 3 
X 3 
X 3 
X 3 
X 3 
X 3 

-o- 
-o- 
-o- 
-o 

X 2 
X 2 
X 2 



-o- 
-o- 
-o- 
-o- 
-o- 
-o- 

X 3 
X 3 
X 3 : 
X 3 
X 3 
X 3 
X 3 : 



; R 32 R 35 , R 38 ; -0(CH 2 ) 9 -0-EpEl 
R 31 , R 32 , R 34 , R 35 , R 37 , R 38 : 0(CH 2 ) 9 -0-EpEt 
i R 32 , R 35 , R 38 : -0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-EpEt 
R 31 , R 32 , R 34 , R 35 , R 3? r R 38 ; -0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-EpEt 
R 31 , R 33 R 34 , R 36 , R 37 , R 3Q : -0-(CH 2 ) 9 -0-EpEt 
R 32 , R 35 , R 38 : -0-(CH 2 ) 9 -0-CH=CH 2 
R 38 : -0-(CH 2 ) 9 -0-EpEt 



-NH- 
-NH- 
-NH- 
-NH- 
-NH- 
-NH- 
-NH- 



R 32 . R 3 * 
R 32 , R 35 
R 32 , R35 

R 32 , R 3 * 
R31 R33 

R 31 , R 32 
R 32 , R 35 



R 38 : -0-(CH 2 ) 12 -CH 3 
R 37 , R 38 : -o"(CH 2 ) 12 -CH 3 
R 38 : -0-CO-(CH 2 ) n -CH 3 
-0-(CH 2 ) 12 -CH 3 ; R 55 , R 38 : -0-(CH 2 ) 9 -0-EpEt 
-0-(CH 2 ) 6 -O-EpEt; R 35 . R 38 : -0-(CH 2 ) ir CH 3 
R 38 : -0-(CH 2 ) 9 -0-CH=CH 2 



-0-(CH 2 ) 4 -0-EpEt 
-0-(CH 2 ) 4 -0-EpEt 
-0-(CH 2 ) 4 -O-EpEt; 



(Remark) 
35 Not defined R: Hydrogen 
EpEt: Epoxyethyl 

[0092] The 1 ,3,5-triazine compound preferably is a melamine compound represented by the formula (IV). 



40 



45 



(IV) 



R46 R41 
I I 

N N N 
R45^ N V^ ,N V^^v R 42 

R 44- N ^ R 43 



so 



55 



in which each of R 41 , R 43 and R 45 independently is hydrogen or an alky! group having 1 to 30 carbon atoms; and each 
of R 42 , R 44 and R 46 independently is an alkyl group, an alkenyl group, an aryl group or a heterocyclic group; or R 41 
and R 42 , R 43 and R 44 or R 45 and R 46 are combined to form a heterocyclic ring. 

[0093] Each of R 41 , R 43 and R 45 preferably is hydrogen or an alkyl group having 1 to 20 carbon atoms, more preferably 
is hydrogen or an alkyl group having 1 to 10 carbon atoms, further preferably is hydrogen or an alkyl group having 1 
to 6 carbon atoms, and most preferably is hydrogen. 
[0094] Each of R 42 R 44 and R 46 preferably is an aryl group. 

[0095] The definitions and the substituent groups of the alkyl group, the alkenyl group, the aryl group and the hete- 
rocyclic group are the same as those described in the formula (III). 
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[0096] The heterocyclic ring formed by R*< and R«. R43 and R44 or R4S and R 46 is lne same as , h heterocvc|jc 
group havmg a free valence at nitrogen atom described in the formula (III) neterocycl.c 
[0097] At leas, one of R* R44 and r46 pre(er ably contains an alkylene moiety having 9 to 30 carbon atoms or an 
aUenytene mo.ety hav.ng 9 to 30 carbon atoms. The alkylene moiety or the alkenylene moiety preferabThai a s.S Q W 
chain structure. The alkylene moiety or the alkenylene moiety is pref erably contained in a ^LSS^ 

[0098] At least one of R*. R43 and r44 pre ,erably contains a polymerizable group as a substituent group The mela 

7::::ns>TC^ at ,east ,wo ^ *«* . ^ss^sl 

Jl^f 6 7 6 P o| y meri ^ble group is introduced into the melamine compound, the disco.ic liquid crystal mole- 
cules and the melamine compound can be polymerized in the optical anisotropic layer 

rep~s^ 

[0101] Examples of the melamine compounds are shown below. 
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R65 R66 



R64 




(MM-l co MM-46) 
R42 R43 



R44 




R63 R 62 R46 ' R45 



NH 

R55^^ R5 3 
R54 
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MM-1: 
MM-2: 
MM-3: 
MM-4: 
MM-5: 
MM-6: 
MM-7: 
. MM-8: 
MM-9: 
MM-10 
MM-11: 
MM-12 
MM-13: 
MM-14: 
MM-15: 
MM-16: 
MM-1 7: 
MM-18: 
MM-1 9: 
MM-20: 
MM-21: 
MM-22: 
MM-23: 
MM-24: 



R43 
R43, 
R43, 
R44, 

R 44 , 

R43, 
R44, 
R 4 4, 

R 43 , 
: R 4 2 

R 42 
: R 4 ^ 

R42, 
R42 ! 

R 42 , 
R43 ( 
R44; 
R 42 , 
R42, 
R42 ) 
R42, 
R42, 
R 42 
R42 > 



R44, R53 } R 54 R S3 R 64 ; -0-(CH 2 ) g -CH 3 
R44 i R5 3> R 54 > R 53 R 64 ; -0-(CH 2 ) 1 , -CH 3 
R 44 R53 )R S4 > R63) R 64. . 0 - {C H 2 ), 5 -CH 3 

R 54 , R 64 : 0-(CH 2 ) 9 -CH 3 
R 54 R64 : -0-(CH 2 ) 15 -CH 3 

R53, R63 : -OCH 3 ; R44, R54 R 64- -0-(CH 2 ) 17 -ChU 
R^R":-CO-0-(CH 2 ) ir CH 3 
R 54 , R* 4 : -S0 2 -NH-(CH 2 ) 17 -CH 3 
R 53 > R 63- -0-CO(CH 2 ) 15 -CH 3 
' RS2 R 62 : - 0 -(CH 2 ) 17 -CH 3 
R52_ R 62; . 0 -CH 3 ; R43 R 53 r63 ; -CO-O-fCH,),, -CH. 

• R 52 , R 62 : -CI; R 4 3 RS3, R 63 : -CO-0-(CH,) n -CH 3 
R 52 R 62 ' -CO-0.(CH 2 ) ir CH 3 ; R 45 , R55 R ss : -so 2 -NH-iso-C,H 7 
R 52 R62; -CI; R45 R55, R 65 ; -SOg-NH-fCH,), 5 -CH 3 

R46, R 5 2) R56, R 62 R 66 ; _ C|; R4S rSS, R S5 -SOfc-NK-(CH 2 ) lfl -CH a 

R^: -0-(CH 2 ) 9 -CH 3 ; R<4 RS3, R63, R S4 .o-(CH 2 ) ir CH 3 
-0-(CH 2 ) 11 -CH 3 ; R54; -0-(CH 2 ) l5 -CH,; R 64 : -0-(CHo) l7 -CHv 

R 45. R 52, R55 f R62 R 65- .Q^; R44, R S4, R 64 ; W^<ck) 14 -CH a 

R52, R55, R62 RS5 : -0-(CH 2 ) 3 -CH 3 . R 44 . R54, RS4 ; _ 0 _ (CH 2 ) 1S -CH 3 
R 62 : -NH-S0 2 -(CH 2 ) l5 -CH 3 ; R 44 , R45 ( R 54 r 5 5 rS4 R 65 _ C j 

R52, RS3, K 62 R63 ; _ F; R 44, R S4, R 64 : .CO-NH-<CH 2 )" 5 -CH 3 ; R 4 *, R 46. R 55, R 56 R 65 r66- . C| 

R^:-CI;R 44 ,R54 iR 64 : . C h 3:R 45 rss RW: .nh^ch,* h " 
R 62 : . OH ; R 44 , R 54 , R<* : . C H 3 ; R45 rSS, r65 : _0-(CH 2 ) 15 -CH 3 
R52, R55, K 62 R 65 : .Q-CH,; R44, R S4. R64- -( C H 2 ) ir CH 3 



R45 
R52 
R 43 
R52 
R52 
R45 
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15 



20 



MM-25 

MM-26 

MM-27 

MM-28 

MM-29 

MM-30 

MM-31 

MM-32 

MM-33: 

MM-34 

MM-35 

MM-36; 

MM-37 

MM-38: 

MM-39 

MM-40: 

MM-41 

MM-42 

MM-43: 

MM-44 

MM-45: 

MM-46: 



R 42 
R 42 
R 43 , 
R 43 
R 43 

R 44 

R 43 
R 42 

R 42 
R 44 
R 43 
R 44 
R 43 
R 43 
R 43 
R 44 
R 44 
R 44 
R 44 
R 43 
R 43 
R 43 



R52 
R52 
R 44 
R 44 

R 44 
R* 4 

R 44 
R 44 
R52 
R 54 
R 44 
R 54 
R 44 
R 45 
R 44 
R 54 
R 54 
R 54 
R 54 
R 45 
R 44 
R 44 



R 62 : -NH-S0 2 -CH 3 ; R 45 . R 55 . R 65 : -CO-0-(CH 2 ) n -CH 3 - 

R 62 : -S-(CH 2 ) n -CH 3 ; R 45 . R 55 , R 65 : -SO r NH 2 

R 53 , R 54 , R63 R 64 : -0-(CH 2 ) 12 -0-CO-CH=CH 2 

R 53 , R 54 . R63, R64 : -0-(CH 2 ) 8 -0-CO-CH=CH 2 

R 53 . R 54 , R63. R64 : -0-CO-(CH 2 ) 7 -0-CO-CH=CH 2 

R 64 : -CO-0-(CH 2 ) 12 -0-CO-C(CH 3 )=CH 2 

R 53 , R 54 , R 63 RS4:'"-0-CO-p-Ph-(CH 2 ) 4 -0-CO-CH=CH 2 

R 52 , R 54 , R 62 , R 84 : -NH-S0 2 -(CH 2 ) a <>CO-CH=CH 2 ; R 4 * R^5 R 65- . C] 

R 62 : -NH-S0 2 -CH 3 ; R 45 , R 55 , R S5 : -CO-0-(CH 2 ) l2 -6-CO-CH=CH 2 

R 64 : 0-(CH 2 ) 9 -0-CO-CH=CH 2 

R53, R 84 R 63 , R 84 : 0-(CH 2 ) 9 -0-CO-CH=CH 2 

R 64 : -O- (CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 

R 53 , R 54 , R 63 , R 64 : -O- (CH 2 ) 4 -CH=CH-(CH 2 ) 4 0-C0-CH=CH 2 

R 53 , R 55 , R 63 R 65 : 0-(CH 2 ) 9 0-C0-CH=CH 2 

R 45 , R 53 , R S4 R 55 , R 63 , R 64 , R 65 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 

-O- (CH 2 ) 4 -0-CO>CH=CH 2 ; R 64 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 

-0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 64 : -O- (CH 2 ) 12 -CH 3 

-0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 63 , R 64 : -0-(CH 2 ) 12 -CH 3 

-0-(CH 2 ) 4 <>CO-CH=CH 2 ; R 63 , R 64 : -0-CO-(CH 2 ) ir CH 3 

0-(CH 2 ) 12 -CH 3 ; R 54 , R 64r -0-(CH 2 ) 9 -0-CO-CH=CH 2 

0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 54 , R 64 : -0-(CH 2 ) ir CH 3 

R 4 5: -0-(CH 2 ) 6 -0-CO-CH=CH 2 ; R 84 R 84 : -0-(CH 2 ) ir CH 3 



(Remark) 
25 Not defined R: Hydrogen 
P-Ph: p-Phenylene 
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R64 



NH N NH 

\ n 

R63 R4 1 
NH 
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MM-47: R 46 , R 56 , R 66 : -S0 2 -NH-(CH 2 ) 15 -CH 3 ; R 48 , R 58 , R 68 : 
-0-(CH 2 ) ir CH 3 

-S0 2 -NH-(CH 2 ) 17 -CH 3 
-S0 2 -NH-(CH 2 ) 15 -CH 3 

-0-(CH 2 ) l7 -CH 3 ; R 47 , R 87 , R 67 : -S0 2 -NH-CH 3 
-0-(CH 2 ) l5 -CH 3 
-0-(CH 2 ) l7 -CH 3 

-S0 2 -NH-Ph; R 48 . R 58 R 68 : -0-<CH 2 ) ir CH 3 
MM-54: R 48 R 88 R65- -0-(CH 2 ) 21 -CH 3 ; R 47 , R 57 , R 67 : -S0 2 -NH-Ph 



MM-48 


R 48 


R 55 , 


R 65 


MM-49 


R 46 , 


R56, 


R66 


MM-50 


R 48 


R55, 


R65 


MM-51 


R 43 , 


R53, 


R 63 


MM-52 


R 4 1 : 


R 51 , 


R 61 


MM-53 


R 46 . 


R 88 , 


R 66 


MM-54 


R 48 


R 58 , 


R 65 
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MM-55 
MM-56 
MM-57: 
MM-58 



R41 R 5i R 6i : -p.ph-(CH 2 ) n -CH 3 

R 46 . R 4 * R* R58 R 66 R S3 : -S0 2 -NH-(CH 2 ) 7 -CH, 

R46 R 56 R 66- -S0 2 -NH-(CH 2 ) 1£r O-CO-CH=CH 2 ; R*B R53. R 66- o-(CH.) l2 -CH, 

R*5. R55 R 65 ; -0-(CH 2 ) 12 -0-CO-CH=CHo: R 47 . R 57 R* 7 : -SOo-NH-Ph * 



70 



MN-59: R 43 R& 3 , R* 3 : O-(CHo) Jo-CO-CH=CH 2 
(Remark) 

Not defined R: Hydrogen 
Ph: Phenyl p-Ph: p-Phenylene 



(MM-60 to MM-71) 
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MM-60 
MM-61 
MM-62: 
MM-63: 
MM-64: 
MM-65: 
MM-66: 
MM-67: 
MM-68: 
MM-69: 
MM-70: 
MM-71: 



R66 




R68 



R 4 * R55 
R 42 , R52 

R 44 R 54 

R 45 , R55, 
R 43 , R53 
R 45 , R55 
R 47 , R57, 
R 44 , R 54 , 
R 46 , R56, 
R 43 R53, 
R 4 * R55 ; 
R 43 , R 4 * 



NH^N^NH 
- R 62 N^N R48 
R 58 NH 

R52 





R47 R 46 



R53 



R55 R54 



, R65 

, R 62 
, R 64 

, R65 

, R 63 

, R65 

. R 67 
, R 64 

, R 6 * 

, R 63 : 
, R65 
. R 53 



-NH-CO-(CH 2 ) 14 -CH 3 
-0-(CH 2 ) 17 -CH 3 
-0-(CH 2 ) 15 -CH 3 
-S0 2 -NH-(CH 2 ) 15 -CH 3 
-CO-NH-(CH 2 ) 17 -CH 3 ; R**. RS4 
-0-(CH 2 ) 15 -CH 3 ; R46 i R 56 ) R 6S 
-0-(CH 2 ) 21 -CH 3 
-0-p-Ph-(CH 2 ) 11 -CH 3 
-S0 2 -NH-(CH 2 ) 15 -CH 3 

-CO-NH-(CH 2 ) 17 -CH 3 ; R44 R 54, R 64 : _ 0 _ (CH 2 ) 12 -0-C0-CH=CH 2 
-0-(CH 2 ) 8 -0-CO-CH=CH 2 ; R46, R 56 R 66 ; -SQ 2 -NH-(CH !> ) 11 -CH, 
R 5 6> R 63 R 56 : -S0 2 -NH-(CH 2 ) 8 -0-CO-CH=CH 2 



R 64 : -OH 

-SO 2 -NH-(0H 2 ) 11 -CH 3 



(Remark) 

Not defined R: Hydrogen 
p-Ph: p-Phenylene 
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(MM-72 to MM-75) 




0-(CH 2 ) n -CH3 



H 3 C-(CH 2 ) 11 -0, 



0-(CH 2 ) 11 -CH 3 



0-(CH 2 ) 11 ~CH 3 



HaC-tCHaJ^-O 



MM-72: R 41 , R 43 , R 45 : -CH 3 
MM-73: R 41 , R 43 , R 45 : -C 2 H 5 
MM-74: R 41 , R 43 : -C 2 H 5 ; R 4S : -CH 3 
MM-75: R 41 , R 43 R 45 : -(CH 2 ) 3 -CH 3 



(MM-76 to MM-88) 

R 4 6— NK JMH-R42 



MM-76: R 42 , R 44 , R 46 :-(CH 2 ) 9 -0-CO-CH=CH 2 

MM-77: R 42 , R 44 , R 46 : -(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -O-C0-CH=CH 2 

MM-78: R 42 , R 44 :-(CH 2 ) 9 -0-CO-CH=CH 2 ; R 46 >(CH 2 ) 12 -CH 3 

MM-79: R 42 R 44 : -(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 : R 46 : -(CH 2 ) 12 -CH 3 

MM-80: R 42 :-(CH 2 ) 9 -0-CO-CH=CH 2 ; R 44 , R 46 :-(CH 2 ) 12 -CH 3 

MM-81: R 42 :-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 44 , R 46 : -(CH 2 ) 12 -CH 3 

MM-82: R 42 R 44 : -(CH 2 ) 4 -0-CO-CH=CH 2 ; R 46 >(CH 2 ) 12 -CH 3 

MM-83: R 42 : -(CH 2 ) 4 -0-CO-CH=CH 2 ; R 44 , R 46 : -(CH 2 ) 12 -CH 3 

MM-84: R 42 , R 44 , R 46 : -(CH 2 ) 9 -EpEt 

MM-85: R 42 , R 44 , R 46 : -(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-EpEt 

MM-86: R 42 R 44 : -(CH 2 ) 9 -0-EpEt ; R 46 :-(CH 2 ) 12 -CH 3 

MM-87: R 42 , R 44 , R 46 :-(CH 2 ) 9 -0-CH=CH 2 

MM-88: R 42 R^-fCH^O-CH^CK,; R 46 :-(CH 2 ) 12 -CH 5 

( Remark ) 
EpEt: Epoxyethyl 




NH 

R44 
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(MM-89 to MM-95 ) 



w 



15 



20 



MM-89: R 41 , R 42 , 
MM-90: R 41 , R 43 
MM-91: R 41 , R 42 
MM-92: R 4 ', R 42 
MM-93: R 41 , R 42 
MM-94: R 41 , R 43 
MM-95: R 4 \ R 42 

(Remark) 

CyHx: Cyclohexyl 



R 43 
R 45 

R 43 
R 43 , 
R 43 , 

R45; 

R 43 , 



R46 R 41 
I I 

N N N 
R45^ N^v^"- R 42 

R 44' N ^ R43 

R44 R 45 R 4€ : - {C H 2 ) Q -CH 3 

-CH 3 ; R 42 R44 R 46- -(CH 2 ) 17 -CH 3 
R 44 : -(CH 2 ) 7 -CH 3 : R 4 * R 46 : - (C H 2 ) 5 -CH 3 
R 44 , R 45 , R 4 *: -CyHx 

R 44, R45 R 46- -(CH 2 ) 2 -0-C 2 H 5 

-CH 3 ; R 42 R 44 , R 4 *: -(CH 2 ) 12 -0-CO-CH=CH 2 
R 44 R 45 , R 4 *: -(CH 2 ) 8 -0-CO-CH=CH 2 



25 



30 



35 



40 



H3C-(CH 2 ,„-0 (CH 2 ) 7 -CH 3 



(MM-96) 



H 3 C-(CH 2 ) 



7 ~ N >^N^N^^>-0-(CH 2 ) n -CH3 



y — N 

H 3 C-(CH 2 ) 1 ,-0 N (CH 2 ) 7 -CH 3 

[0102] A melamine polymer can be used as the melamine compound. The melamine pofymer is preferably synth 
s,zed from a melamine compound and a carbonyl compound by a react.on represented by the formula (V). 



■35 



SO 
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R76-NH N NH-R73 
I M 



f R72 -c- R71 j + N Y 

\ ^ I P75- N > 



2 R75^^ R 74 



(V) 



R72 v ,R71 R72 R 71 

— o-c c' 

I f 

R76^ N Y N ^ N ^ R 73 
R 75" N - R 74 



+ nH 2 0 



in which each of R?\ R73. R 74 R 75 and R 76 independently is hydrogen, an alkyl 
group or a heterocyclic group. 



group, an alkenyl group, an aryl 
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[0103] The definitions and the substituent groups of the alkyl group, the alkenyl group, the aryl group and the hete- 
rocyclic group are the same as those described in the formula (III). 

[0104] The polymerization reaction of the melamine compound and the carbonyl compound is the same as the syn- 
thesizing reaction of a conventional melamine resin (e.g., melamine formaldehyde resin). A commercially available 

5 melamine polymer (melamine resin) can be used in the present invention. 

[0105] The melamine polymer has a molecular weight preferably in the range of 2,000 to 400.000. 
[0106] At least one of R 71 . R 72 , R 73 , R 74 . R 75 and R 7S preferably contains an alkylene moiety having 9 to 30 carbon 
atoms or an alkenylene moiety having 9 to 30 carbon atoms. The alkylene moiety or the alkenylene moiety preferably 
has a straight chain structure. The alkylene moiety or the alkenylene moiety is preferably contained in a substituent 

10 group of an aryl group. 

[0107] At least one of R 71 , R 72 R 73 , R 74 , R 75 and R 76 preferably contains a polymerizable group as a substituent 
group. The polymerizable group is preferably positioned at the end of R 71 , R 72 R 73 , R 74 R 75 or R 76 . 
[0108] Where the polymerizable group is introduced into the melamine polymer, the discotic liquid crystal molecules 
and the melamine polymer can be polymerized in the optical anisotropic layer. 
15 [0109] Examples of R 71 , R 72 , R 73 , R 74 R 75 and R 76 having a polymerizable group as a substituent group are the 
same as the groups represented by the formula (Rp). 

[0110] The polymerizable group may be introduced into a carbonyl moiety (R 71 , R 72 ) or a melamine moiety (R 73 
R 74 R75 r76) where the melamine compound has a polymerizable group, the carbonyl compound preferably is a 
compound of a simple chemical structure such as formaldehyde. Where the carbonyl compound has a polymerizable 
20 group, the melamine compound preferably is a compound of a simple chemical structure such as (not substituted) 
melamine. 

[0111] Examples of the carbonyl compounds having polymerizable groups are shown below 



25 



(CO-1 to CO-11) 



30 




35 



40 



45 



CO-1 
CO-2 
CO-3: 
CO-4: 
CO-5 
CO-6: 
CO-7 
CO-8 
CO-9 



R72 
R72 

R 72 
R 72 
R 72 
R 72 
R 72 : 
R 72 
R 72 



CO-10: R 72 : 
CO-11: R 72 



-H; R 82 : -0-(CH 2 ) 9 -O-CO-CH=CH 2 
-H; R 81 ( R 82 : 0-(CH 2 ) 9 -0-CO-CH=CH 2 
-H; R 82 : -0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-C0-CH=:CH 2 
-H; R 81 , R 82 : -0-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH^CH 2 
-H; R 81 , R 83 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 
-H; R 81 , R 82 R 83 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 
-CH 3 ; R 82 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 
-(CH 2 ) ni -CH 3 ; R 82 : -0-(CH 2 ) 4 -0-CO-CH=CH 2 
(CH 2 ) 9 -0-CO-CH=CH 2 ; R 82 : -0-(CH 2 ) 4 -0-CO-CH=CH 2 
(CH 2 ) 9 -0-CO-EpEt; R 82 : -0-(CH 2 ) 4 -0-CO-CH=CH 2 
0-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 81 , R 63 : -0-(CH 2 ) l2 -CH 3 



50 



(Remark) 

Not defined R: Hydrogen 
EpEt: Epoxyethyl 
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(CO-12 CO CO-13) 



R83 



10 




15 



CO-12: R8i, R82 R S3 i R 84 : 0-(CH 2 ) 6 -0-CO-CH=CH 2 
CO-13: R82, R83 : -0-(CH 2 ) 9 -0-CO-CH=CH 2 

(Remark) 

Not defined R: Hydrogen 
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& 



(CO-14 to CO-26) 



25 



30 



35 



40 



CO-14 
CO-15 
CO-16 
CO-17 
CO-18 
CO-19 
CO-20 
CO-21 
CO-22 
CO-23 
CO-24 
CO-25 
CO-25 



R 71 : (CH 2 ) 9 -0-CO-CH=CH 2 ; R 7 2; _ H 
R 71 : -(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-CO-CH=CH 2 ; R 7 2 : -H 
R 7l :-(CH 2 ) 9 -0-CO-CH=CH 2 ; R 7 2 : -CH 3 

-(CH 2 ) 4 -CH^CH-(CH 2 ) 4 -0-CO-CH=CH 2 ; R72 : . C H 3 
-(CH 2 ) 9 -0-CO-CH=CH 2 ; R 7 2; -Ph 
-(CH 2 ) 4 -CH=CH,(CH 2 ) 4 -0-CO-CH=CH 2 ; R?2 : _p h 
-(CH 2 ) 4 -0-CO-CH=CH 2 : R 72 :-(CH 2 ) 9 -0-CO-CH=CH 2 
-(CH 2 ) 4 -0-CO-CH=CH 2 : R 72 :-(CHo) 12 -CH 3 
-(CH 2 ) 9 -0-EpEt; R 72 : -H 
-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 -0-EpEt: R?2 : _ H 



R 7 1 
R 7 1 
R 7 i 
R 7 i 
R 7 i 
R 71 
R 7 V 
R 7 V 
R 71 , 
R 71 , 



R 7 2 
R 7 2 
R 72 



(CH 2 ) 9 -0-EpEt 
-(CH 2 ) 9 -0-CO-CH=CH 2 
-(CH 2 ) 4 -CH=CH-(CH 2 ) 4 0-C0-CH=CH 2 



(Remark) 
Ph: Phenyl 
EpEt: Epoxyethyl 

[01 1 2] Examples of the melamine polymers having polymerizable groups in their melamine moieties are shown below. 



45 

(MP-1 to MP-14) 

R72 R71 R 72 R71 

ale' y 

R 76/ N v N y^R73 

55 R75^ Nn -R74 

MP-1: R 7 3, R75 p R 7S : -CH 2 -NH-CO-CH=CH 2 : R 74 : -CH,-NH-CO-(CH 2 ) 8 -CH 3 

MP-2: R7i : -CH 3 ; R 7 3 R75, R 76 . <;H 2 -NH-CO-CH=CH 2 : R 74 ' -CH 2 -NH-CO- (CH 2 ) e -CH 3 
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MP-3: R 71 , R 72 : -CH 3 ; R75 R 76 : -CH 2 -NH-CO-CH=CH 2 ; R 74 : -CH 2 -NH-CO-(CH 2 ) 8 -CH 3 

MP-4. R 71 : -Ph; R 73 , R 75 . R76 : -CH 2 -NH-CO-CH=CH 2 ; R 74 : -CH 2 -NH-CO- (CH 2 ) 6 -CH 3 

MP-5: R 73 . R 76 : -CH 2 -NH-CO-CH=CH 2 : R 74 : -CH 2 -NH-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 : R 75 : -CH 2 -0-CH 3 

MP-6: R 73 . R 76 : -CH 2 -NH-CO-CH=CH 2 : R 74 : -CH 2 -NH-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 : R 75 : -CH 2 -OH 

5 MP-7: R 73 , R 76 : -CH 2 -NH-CO-C 0 H S : R 74 : -CH 2 -NH-CO-(CH 2 ) l6 -CH 3 : R 75 : -CH 2 -0-CH 3 - % 

MP-8: R 73 , R 76 : -CH 2 -NH-CO-C 2 H s ; R 74 : -CH 2 -NH-CO-(CH 2 ) 16 -CH 3 ; R 7 *: -CH 2 -OH 
MP-9: R 73 , R 76 : -CH 2 -0-CO-CH=CH 2 ; R 74 : -CH 2 -0-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 : R 75 -CH 2 -0-CH 3 
MP-10: R 73 , R 76 : -CH 2 -0-CO-CH=CH 2 ; R 74 : -CH 2 -0-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 ; R 75 : -CH 2 -OH 
MP-11: R 73 , R 76 : -CH 2 0-C0-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 ; R 74 : -CH 2 -NH-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 ; R 75 : 

/o -CH 2 -0-CH 3 

MP-12: R 73 , R 76 : -CH 2 -0-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) r CH 3 ; R 74 : .CH 2 -NH-CO-(CH 2 ) 7 -CH=CH-(CH 2 ) 7 -CH 3 ; R 75 : 
-CH 2 -OH 

MP-13: R 73 R 74 , R 75 . R 75 : -CH 2 -O-(CH 2 ) ir O-CO-CH=CH 0 

MP-14: R 73 , R 75 , R 76 : -CH 2 -NH-CO-CH=CH 2 ; R 74 : -CH 2 -0-< CH 2>16- CH 3 

75 

(Remark) 

Not defined R: Hydrogen 
Ph: Phenyl 

[0113] Two or more 1 ,3,5-triazine compounds (including melamine compounds and melamine polymers) can be used 
20 in combination. 

[0114] The 1 ,3,5-triazine compound is used in an amount of 0.01 to 20 wt.% based on the amount of the discotic 
liquid crystal molecules. The amount is preferably in the range of 0.1 to 15 wt.%, and more preferably in the range of 
0.5 to 10 wt.%. 

[01 1 5] An optically anisotropic layer can be formed by coating a solution containing the discotic liquid crystal molecule, 
25 the above-mentioned additive (a cellulose ester of a lower fatty acid, a fluorine containing surface active agent, a 
1,3,5-triazine compound), a polymerization initiator and other optional components on a transparent substrate or an 
orientation layer. 

[01 16] A solvent for the preparation of the solution preferably is an organic solvent. Examples of the organic solvents 
include amides (e.g., dimethylformamide), sulfoxides (e.g.. dimethylsulfoxide), heterocyclic compounds (e.g . pyridine), 
30 hydrocarbons (e.g., benzene, hexane), alkyl halides (e.g., chloroform, dichloromethane). esters (e.g., methyl acetate, 
butyl acetate), ketones (e.g., acetone, methyl ethyl ketone), ethers (e.g., tetrahydrofuran, 1 ,2-dimethoxyethane). Alkyl 
halides and ketones are preferred. Two or more organic solvents can be used in combination. 

[0117] The solution can be coated according to a conventional coating method such as a curtain coating method, 
an extrusion coating method, a roll coating method, a spin coating method, a dip coating method, a print coating method, 
35 a spray coating method, a slide coating method. The optically anisotropic layer is preferably coated continuously. The 
layer can be continuously coated according to the curtain coating method, the roll coating method or the slide coating 
method. 

[0118] The aligned discotic liquid crystal molecules are preferably fixed while keeping the alignment. The discotic 
liquid crystal molecules are fixed preferably by a polymerization reaction. The polymerization reaction can be classified 
40 a thermal reaction using a thermal polymerization initiator and a photo reaction using a photo polymerization initiator. 
A photo polymerization reaction is preferred. 

[0119] Examples of the photo polymerization initiators include a-carbonyl compounds (described in U.S. Patent Nos. 
2,367,661, 2,367,670), acyloin ethers (described in U.S. Patent No. 2,448,828), a-hydrocarbon substituted acyloin 
compounds (described in U.S. Patent No. 2,722,512), polycycitc quinone compounds (described in U.S. Patent Nos. 

45 2,951,758, 3,046,127), combinations of triarylimidazoles and p-ammophenyl ketones (described in U.S. Patent No. 
3,549. 367) : acridine or phenazine compounds (described in Japanese Patent Provisional Publication No. 60(1985)- 
105667 and U.S. Patent No. 4,239,850) and oxadiazcle compounds (described in U.S. Patent No. 4,212,970). 
[0120] The amount .of the photo polymerization initiator is preferably in the range of 0.01 to 20 wl.%, and more 
preferably in the range of 0.5 to 5 wt % based on the solid content of the coating solution of the layer. 

50 [0121] The light irradiation lor the photo polymerization is preferably conducted by an ultraviolet ray. The exposure 
energy is preferably in the range of 20 to 5,000 mJ per cm 2 , and more preferably in the range of 100 to 800 mJ per 
cm 2 . The light irradiation can be conducted while heating the layer to accelerate the photo polymerization reaction. 
[0122] The optically anisotropic layer has a thickness preferably in the range of 0.5 to 10 jam, more preferably 0.5 
to 5 jam, and most preferably in the range of 1 to 5 jam. 

55 

[Second optically anisotropic layer] 

[0123] The optical compensatory sheet may have a second optically anisotropic layer. The second optically aniso- 
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tropic layer is also preferably formed from discotic liquid crystal molecules. The discotic liquid crystal molecules are 
preferably so aligned in the second optically anisotropic layer that an average inclined angle between discotic planes 
of the discotic liquid crystal molecules and a surface of the transparent substrate is not less than 5°. The inclined angle 
preferably increases or decreases with increase of a distance from the surface of the transparent substrate to the 
discotic plane of the discotic liquid crystal molecule. 

[01 24] Japanese Patent Provisional Publication No 7(1 995)-287 1 20 discloses an optical compensatory sheet having 
an optically anisotropic layer in which discotic liquid crystal molecules are aligned as is described above (hybrid align- 
ment). The optical compensatory sheet disclosed in the publication comprises a transparent substrate of planar align- 
ment and the an optically anisotropic layer. The optical compensatory sheet is used to improve a viewing angle of a 
liquid crystal display of a TN mode. The transparent substrate of planar alignment is also effective in a liquid crystal 
display of a bend alignment mode or a vertical alignment mode (particularly a bend alignment mode). A polycarbonate 
film is usually used as the transparent substrate of planar alignment. However, the polycarbonate film has a problem 
with dimentional stability. Further a polymer film needs a thickness of about 1 00 pm. Furthermore, it is difficult to control 
the planar alignment of a polymer film. 
1 5 [0125] The effect of the optical compensatory sheet disclosed in Japanese Patent Provisional Publication No. 7 
(1995)-287120 can also be obtained according the present invention by using the above-described (first) optically 
anisotropic layer in combination with the second optically anisotropic layer. The (first) optically anisotropic layer can 
function as a transparent substrate of planar alignment. The dimentional stability of the (first) optically anisotropic layer 
is superior to the stability of a polymer film. The (first) optically anisotropic layer can be formed as a thin layer (preferably 
0.5 to 10 pm as is described above). Further, the planar alignment of about 1,000 nm can be controlled by some nm 
by adjusting a coating amount of discotic liquid crystal molecules contained in the optically anisotropic layer. 
[0126] The details of the second optically anisotropic layer are the same as those of the (first) optically anisotropic 
layer except that the additives decreasing the inclined angle of the discotic planes (a cellulose ester of a lower fatty 
acid, a fluorine containing surface active agent, a 1 ,3,5-triazine compound) are not used. 
2S [0127] There is no specific limitation about the arrangement of the (first) optically anisotropic layer and the second 
optically anisotropic layer. The second optically anisotropic layer rather than the (first) optically anisotropic layer requires 
an orientation layer (described below). Accordingly, if only one orientation layer is used, the second optically anisotropic 
layer rather than the (first) optically anisotropic layer is preferably arranged on the orientation layer. 

30 [Orientation layer] 

[0128] The orientation layer has a function of aligning discotic liquid crystal molecules. 

[0129] The orientation layer can be formed by rubbing treatment of an organic compound (preferably a polymer), 
oblique evaporation of an inorganic compound, formation of a micro groove layer, or stimulation of an organic compound 
(e.g., (o-tricosanoic acid, dioctadecylmethylammonium chloride, methyl stearate) according to a Langmuir-Blodgett 
method. Further, the aligning function of the orientation layer can be activated by applying an electric or magnetic field 
to the layer or irradiating the layer with light. 

[0130] The orientation layer is preferably formed by rubbing a polymer. The polymer preferably is polyvinyl alcohol. 
A denatured polyvinyl alcohol having a hydrophobic group is particularly preferred. The discotic compound can uni- 
formly be aligned by introducing the hydrophobic group into polyvinyl alcohol because the hydrophobic group has an 
affinity with the discotic compound. The hydrophobic group is attached to the side chain or the end of the main chain 
of polyvinyl alcohol. 

[0131] The hydrophobic group preferably is an aliphatic group (more preferably an alkyl group or an alkenyl group) 
having 6 or more carbon atoms or an aromatic group. 

[0132] The rubbing treatment can be conducted by rubbing the layer with a paper or cloth several times along a 
certain direction. 

[0133] After aligning discotic liquid crystal compounds of the optically anisotropic layer by the orientation layer, the 
alignment of the discotic compounds can be kept even if the orientation layer is removed. Therefore, the orientation 
layer is not essential in a prepared optical compensatory sheet, while the orientation layer is essential in the preparation 

50 of the optical compensatory sheet. 

[01 34] If the (first) optically anisotropic layer does not require a small (0° to 5°) inclined angle, the rubbing treatment 
or the orientation layer itself is not necessary. Even if the orientation layer is not necessary, an adhesive orientation 
layer may be provided between a transparent substrate and the (first) optically anisotropic layer. The adhesive orien- 
tation layer (described in Japanese Patent Provisional Publication No. 9(1 997)-1 52509) has a function of forming a 

55 chemical bond with discotic liquid crystal molecule to improve the adhesbn. If the orientation layer is used to improve 
the adhesion, the rubbing treatment is not necessary. 
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[Transparent substrate] 

[0135] A transparent substrate is made of a polymer film or a glass plate, and preferably is a polymer film. The 
transparent substrate means that light transmittance is not less than 80%. 
s [0136] Examples of the polymers include polycarbonate, polyarylate, polysulfone, polyethersulfone and cellulose 
ester (e.g., diacetyl cellulose, triacetyl cellulose). 

[01 37] Polycarbonate and cellulose ester are preferred. The polymer film is formed preferably according to a solvent 
casting method. 

[0138] The optical characteristics of the transparent substrate can be controlled by adjusting stretching (preferably 

10 biaxially stretching) conditions or shrinkage ratios in length and width. 

[0139] The transparent substrate can be subjected to a surface treatment (e.g., glow discharge treatment, corona 
discharge treatment, ultraviolet (UV) treatment, flame treatment) to improve adhesion to a layer formed on the substrate 
(e.g., adhesive layer, orientation layer, optically anisotropic layer). A glow discharge treatment or a corona discharge 
treatment is preferred. Two or more surface treatments can be used in combination. 

is [0140] The transparent substrate has a thickness preferably in the range of 20 to 500 urn and more preferably in 
the range of 50 to 200 urn 

[0141] An adhesive layer (undercoating layer) can be provided on the transparent substrate. The adhesive layer is 
preferably formed by coating a hydrophilic polymer (e.g., gelatin) on the transparent substrate. The adhesive layer has 
a thickness preferably in the range of 0.1 to 2 jam, and more preferably in the range of 0.2 to 1 jam. 

20 

[Liquid crystal cell] 

[0142] The optical compensatory sheet of the present invention is particularly effective in a liquid crystal display of 
a vertical alignment mode or a bend alignment mode. 
25 [0143] In a liquid crystal cell of a vertical alignment mode, rod-like liquid crystal molecules are essentially vertically 
aligned while not applying voltage to the cell, and are essentially horizontally aligned while applying voltage to the cell, 
as is shown in Fig. 1. 

[0144] In a liquid crystal cell of a bend alignment mode, rod-like liquid crystal molecules are essentially symmetrically 
aligned, as is shown in Fig. 2 

30 

[Liquid crystal display] 

[0145] A liquid crystal display comprises a liquid crystal cell, a pair of optical compensatory sheets arranged on both 
sides of the cell, or one optical compensatory sheet arranged on one side of the cell, and a pair of polarizing elements 
35 arranged on the liquid crystal cell or the optical compensatory sheet: 

[0146] The liquid crystal displays include a direct looking type, a projection type and a modulation type. The present 
invention is also effective in a liquid crystal display having an active matrix such as TFT, MIM having three or two 
terminals. 

40 EXAMPLE 1 

[0147] A triacetyl cellulose film (thickness: 100 jam, size: 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
used as a transparent substrate. 

[0148] An alkyl denatured polyvinyl alcohol (MP-203, Kuraray Co., Ltd.) was coated on the transparent substrate, 
45 and dried to form an orientation layer (thickness: 0.5 urn). The surface of the orientation layer was subjected to a 
rubbing treatment. 

[0149] The following coating solution was coated on the orientation layer by using a wire bar coater. 



50 


Coating solution for optically anisotropic layer 


Cellulose acetate butyrate (acetic acid content: 3.0%, butyric acid content: 50.0%, CAB-531 -1 , 


0.3 weight part 




Eastman Chemical) 






The following discotic liquid crystal compound (1 ) 


100 weight parts 




A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 


0.2 weight part 


55 


Methyl ethyl ketone 


400 weight parts 
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[0150] 
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SO 




o-(ch 2 ) 4 -o-co-ch=ch 2 



[0151] The coaled layer was heated at 106°C to align the discotic liquid crystal compound. The layer was irradiated 
w.lh an ultraviolet ray of 2 J lo polymerize the liquid crystal compound and to fix the alignment. Thus an optical com- 
pensatory sheet was prepared. 

COMPARISON EXAMPLE 1 

[0152] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that 0 3 weight 
part of polyvinyl butyral (#3000-1, Denki Kagaku Kogyo K.K.) was used in place of cellulose acetate butyrate (CAB- 

COMPARfSON EXAMPLE 2 



55 



[0153] An optical compensatory sheet was prepared in the same manner as in Example 1 except that cellulose 
acetate butyrate (CAB-531-1 ) was not used. 

COMPARISON EXAMPLE 3 

[0154] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that the amount 
of cellulose acetate butyrate (CAB-531 -1 ) was 3.0 weight parts. 

EXAMPLE 2 

[0155] An optical compensatory sheet was prepared in the same manner as in Example 1, except that 0 3 weight 
part of cellulose acetate butyrate (acetic acid content: 17.5%, butyric acid content: 32.5%, CAB-321-0 1 Eastman 
Chemical) was used in place of cellulose acetate butyrate (CAB-531 -1 ), and the heating temperature for the layer was 
1 23°C . 

COMPARISON EXAMPLE 4 

[0156] An optical compensatory sheet was prepared in the same manner as in Example 2, except thaf cellulose 
acetate butyrate (CAB-321-0.1) was not used. 

EXAMPLE 3 

[0157] An optical compensatory sheet was prepared in the same manner as in Example 1, except that 0 3 weight 
part of cellulose acetate butyrate (acetic acid content: 2.0%, butyric acid content: 52.0%, CAB-551 -0.2. Eastman Chem- 
ical) was used in place of cellulose acetate butyrate (CAB-531-1). the heating temperature for the layer was 112°C 
and the exposure of the ultraviolet ray was 1J. 
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[0158] An optical compensatory sheet was prepared in the same manner as in Example 3. except that cellulose 
acetate butyrate (CAB-551-0.2) was not used. 

5 

EXAMPLE 4 

[0159] An optical compensatory sheet was prepared in the same manner as in Example 1, except that 0.5 weight 
part of cellulose acetate butyrate (acetic acid content: 2.5%, butyric acid content: 45.0%, CAB-482-0.5. Eastman Chem- 
io ical) was used in place of cellulose acetate butyrate (CAB-531-1), the heating temperature for the layer was 145°C, 
and the exposure of the ultraviolet ray was 3J. 



COMPARISON EXAMPLE 6 



is [0160] An optical compensatory sheet was prepared in the same manner as in Example 4, except that 0.5 weight 
part of polyvinyl butyrai (#3000-1, Denki Kagaku Kogyo K.K.) was used in place of cellulose acetate butyrate (CAB- 
482-0.5). 

COMPARISON EXAMPLE 7 

20 

[0161] An optical compensatory sheet was prepared in the same manner as in Example 4, except that cellulose 
acetate butyrate (CAB-482-0.5) was not used. 

EXAMPLE 5 

25 

[0162] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that 100 weight 
parts of the following discotic liquid crystal compound (2) were used in place of the discotic liquid crystal compound 
(1 ), and the heating temperature for the layer was 85°C. 

30 Discotic liquid crystal compound (2) 

[0163] 



40 




COMPARISON EXAMPLE 8 



50 [0164] An optical compensatory sheet was prepared in the same manner as in Example 5, except that cellulose 
acetate butyrate (CAB-531-1 ) was not used. 

EXAMPLE 6 

55 [0165] An optica! compensatory sheet was prepared in the same manner as in Example 1 , except that 100 weight 
parts of the following discotic liquid crystal compound (3) were used in place of the discotic liquid crystal compound 
(1), the heating temperature for the layer was 124°C, and the exposure of the ultraviolet ray was 1J 
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Discotic liquid crystal compound (3) 
[0166] 



10 



15 




R P H 3 




ft-O-CO— V \—0- 



-(CH 2 ) tt -0-CO-CH=CH- 
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COMPARISON EXAMPLE 9 

[0167] An optical compensatory sheet was prepared in the same manner as in Example 6, except that cellulose 
acetate butyrate (CAB-531-1 ) was not used. 

EXAMPLE 7 

[0168] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that 100 weight 

m 1 f ° l,OW,n9 diSC ° tiC ,lqUid CryStaI compound < 4 > were used in P'ace of the discot.c liqu.d crystal compound 
(1 ), the heating temperature for the layer was 90°C, and the exposure of the ultraviolet ray was 5J. 

30 Discotic liquid crystal compound (4) 
[0169] 




0-(CH 2 ) 6 -0-CO-CH=CH 2 



COMPARISON EXAMPLE 10 

so [0170] An optical compensatory sheet was prepared in the same manner as in Example 7, except that cellulose 
acetate butyrate (CAB-531-1 ) was not used. 

(Evaluation of optical compensatory sheets) 

^ [0171] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632 9 nm 
by using an ellipsometer (AEP-100, Shimazu Seisakusho, Ltd.). The results are set forth in Table 1. 
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TABLE 1 



Sample 






Optically anisotropic layer 




Optical char. 


No. 






















Poly. 


Amount 


Temp. 


Expo. 


Angle 


And 


fcx. 1 


/ 1 \ 
(I) 


531 




0.3 


106°C 


O 1 

d. J 


2 3 


-1 43nm 


Comp. 1 


\ 1 ) 


PVB 




0.3 


106°C 


2 J 


27* 


-1 52nm 


Comp. 2 


0) 




None 


106°C 


O 1 

c J 


33 3 


-153nm 


Comp. 3 


(1) 


531 




3.0 


106°C 


2 J 




Not aligned 


Ex. 2 


(D 


321 




0.3 


123°C 


2 J 


2* 


-151nm 


Comp. 4 


(1) 




None 


123°C 


2 J 


35° 


-146nm 


Ex. 3 


(1) 


551 




0.3 


112°C 


1 J 


1° 


-153nm 


Comp. 5 


(D 




None 


112°C 


1 J 


28° 


-147nm 


Ex. 4 


(1) 


482 




0.5 


141°C 


3 J 


1° 


-150nm 


Comp. 6 


(1) 


PVB 




0.5 


1/11 ° 


J J 


O I 


■ ijinm 


Comp. 7 


( i ) 




None 


141°C 




36° 


-145nm 


Ex. 5 


(2) 


531 




0.3 


85°C 


2 J 


1° 


-149nm 


Comp.8 


(2) 




None 


85°C 


2 J 


30* 


-147nm 


Ex. 6 


(3) 


531 




0.3 


124°C 


1 J 


2 9 


-161nm 


Comp.9 


(3) 




None 


124°C 


1 J 


25* 


-163nm 


Ex. 7 


(4) 


531 




0.3 


90°C 


5 J 


0 9 


-151nm 


Comp. 10 


(4) 




None 


90° C 


5 J 


28 9 


-160nm 



10 



15 



20 



25 



30 



35 



40 



45 



(Remark) 

531: Cellulose acetate butyrate (CAB-531-1) 
PVB: Polyvinyl butyral 

321: Cellulose acetate butyrate (CAB- 321 -0.1 ) 
551: Cellulose acetate butyrate (CAB-551 -0.2) 
482: Cellulose acetate butyrate (CAB-482-0.5) 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 
And: Rlh retardation value defined by the following formula: 

Rth = [{(n1+n2)/2}-n3]xd 

in which each of n1 , n2 and n3 is the principal refractive index of the optically anisotropic layer, n3 is the minimum 
index, and d is the thickness of the optically anisotropic layer. 



EXAMPLE 8 



50 



55 



[0172] A triacetyl cellulose film (thickness: 100 uxn, size. 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
used as a transparent substrate. 

[0173] An aqueous solution of an alkyl denatured polyvinyl alcohol (MP-203. Kuraray Co., Ltd.) was coated on the 
transparent substrate by using a bar coaler, and dried to form an orientation layer (thickness: 0.65 u.m). The surface 
of the orientation layer was subjected to a rubbing treatment. 

[0174] The following coating solution was coated on the orientation layer by using a wire bar coater, and dried at the 
room temperature. The thickness of the formed layer was 1 .7 urn 



Coating solution for optically anisotropic layer 



Fluorine containing surface active agent (FS-3) 



3 weight parts 
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(continued) 



Coating solution for optically anisotropic layer 


The discotic liquid crystal compound (1 ) used in Example 1 
A photopotymerization initiator (Irgacure 907. Ciba-Geigy) 
Methyl ethyl ketone 


100 weight parts 
0.2 weight part 
400 weight parts 



w (FS-3) 

n -C 8 F 17 -S0 2 ^N-(CH 2 CH 2 0) 16 -H 
C 3 H 7 

15 

[0175] The coated layer was heated at 11 5°C to align the discotic liquid crystal compound. The layer was irradiated 
with an ultraviolet ray of 600 mJ per cm 2 to polymerize the liquid crystal compound and to fix the alignment. Thus an 
optical compensatory sheet was prepared. 

20 EXAMPLES 9 to 19 and COMPARISON EXAMPLES 11 to 15 

[0176] Optical compensatory sheets were prepared in the same manner as in Example 8. except that the kind or 
amount of the fluorine containing surface active agent was changed as is shown in Table 2. 

25 (Evaluation of optical compensatory sheets) 

[0177] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632.3 nm 
by using an ellipsometer (AEP-100, Shimazu Seisakusho, Ltd.). The results are set forth in Table 2. 



TABLE 2 



Sample No. 


Surface active agent 


Optical characteristic 


Kind 


Amount 


Angle 


And 


Example 8 


FS-3 


3 parts 


0.8° 


-143 nm 


Example 9 


FS-3 


5 parts 


1.9° 


-139 nm 


Example 10 


FS-3 


10 parts 


2.2° 


-130 nm 


Example 11 


FS-3 


30 parts 


2.8° 


-129 nm 


Example 12 


FS-7 


5 parts 


0.9° 


-125 nm 


Example 13 


FS-19 


5 parts 


2.1° 


-137 nm 


Example 14 


FS-22 


5 parts 


1.5° 


-140 nm 


Example 15 


FS-26 


5 parts 


1.2° 


-151 nm 


Example 16 


FS-37 


5 parts 


10° 


-125 nm j 


Example 17 


FS-57 


5 parts 


0.5° 


-130 nm | 


Example 18 


FS-67 


5 parts 


0.1° 


-141 nm 


Example 19 


FS-70 


5 parts 


2.7° 


-148 nm 


Comp. 11 


None 


25° 


-125 nm 


Comp. 12 


FS-3 


1 part 


51° 


-131 nm 


Comp. 13 


FS-3 


35 parts 


Not crystalline phase 


Comp. 14 


FS-7 


1 part 


47° I 


-135 nm 


Comp. 15 


FS-7 


35 parts 


Not crystalline phase 



(Remark) ' 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 
And: Rth retardation value 
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(FS-7) 



w 



15 



20 



25 



30 



35 



40 



45 



(FS-19) 



(FS-26) 



(FS-37) 



n-C 8 F 17 -S0 2 -N-(CH 2 CH 2 0) 21 -H 
C 2 H 5 



H-(CF 2 ) 8 -CO-N-(CH 2 CH 2 0) 19 -H 
C 3 H 7 

(FS-22) 

H-(CF 2 ) 10 -CH 2 -0-(CH 2 CH 2 0) 15 -H 



n -C 9 F 19 -H^^>-0-(CH 2 CH 2 0) 17 -H 



F F 




F y^~ C °~°~ (C H 2 C H 2°) 1 3-h 
F . F 

(FS-57) 
CI-(CF 2 -CFCI) 3 -CF 2 -COOH 



(FS-67) 

50 n - C 8pi7-S0 2 -N-(CH 2 CH 2 0) 15 ~CH 2 CH 2 CH 2 -S0 3 Na 

C 3 H 7 



55 
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(FS-70) 



CH, 



n-C 8 F 17 ^S0 2 ^NH-CH 2 CH 2 CH 2 ^-CH 3 . | G 



CH, 



w 



15 



20 



25 



EXAMPLE 20 



[0178] A glass plate (thickness: 0.85 mm) was used as a transparent substrate 

[01 79] An aqueous solution of polyvinyl alcohol denatured with methacryloyloxyethyl isocyanate (Polymer No 1 of 
Japanese Patent Provisional Publication No. 8<1996)-48197) was coated on the transparent substrate by using a ba 

Ta^^^r an or,entat,on ,ayer (thickness: ° 63 Mm) The surface oi me ° r,entat,on ,ayer WaS "-SiS 

2?J?L J ^ f ° ilOWin9 C ° atlng SO,Utl ° n W3S C ° ated ° n lhG orienlallon ,a Ver by using a spin coater of 1,000 rpm and 
dried at the room temperature. The thickness of the formed layer was 1 .9 urn 



Coating solution for optically anisotropic layer 



Fluorine containing surface active agent (FS-3) 

The following discotic liquid crystal compound (5) 

A photopoiymerization initiator (Irgacure 907, Ciba-Geigy) 

Methyl ethyl ketone 



3 weight parts 
100 weight parts 
0.2 weight part 
400 weight parts 



Discotic liquid crystal compound (5) 
30 [0181] 



35 



40 



45 



50 




55 



21?™ C ? 3ted 'TIT' heated 3 l 1S0 ° C '° a " Sn !he d ' SCO " c W c, V sta ' compound. The layer was irradiated 

olllT \' ay °1 60 ° ^ Cm '° PO ' ymer,Ze ,he " qUld CrySIal COm P° und and to fi * ^ alinment. Thus an 
optical compensatory sheet was prepared. 

EXAM PLES 21 to 31 and COMPARISON EXAMPLES 16 to 18 

[0183] Optical compensatory sheets were prepared in the same manner as in Example 20, except that the kind of 
he discotic liquid crystal compound, the kind or amount of the fluorine containing surface active agent or the heatinq 
temperature for the layer was changed as is shown in Tabic 3 9 
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(Evaluation of optical compensatory sheets) 

[0184] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632.9 nm 
by using an ellipsometer (AEP-100. Shimazu Seisakusho. Ltd.). The results are set lorth in Table 3. 



TABLE 3 



Sample No 


Optically anisotropic layer 


Optical char 


p* i r~- 


Agent 


Amount 


Temp. 


Angle 


And 


CA. C.KJ 


(5) 


FS-3 


4 


180°C 


2.3° 


-133 nm 


Ex. 21 


(5) 


FS-3 


10 


180°C 


2.0° 


-125 nm 


Fy 99 

LA. 


(5) 


FS-3 


20 


180°C 


1.5° 


-110 nm 


Comp. 16 


(5) 


None 


180°C 


42° 


-135 nm 


uomp. i / 


(5) 


FS-3 


35 


180°C 


Not crystal 


Ex. 23 


(5) 


FS-6 


4 


180°C 


1.8° 


-127 nm 


Ex. 24 


(5) 


FS-42 


5 


180°C 


1.0° 


-122 nm 


Ex. 25 


(5) 


FS-50 


10 


180°C 


1.1° 


-125 nm 


Ex. 26 


(5) 


FS-52 


7 


180°C 


0.8° 


-130 nm 


Ex 27 


(6) 


FS-3 


5 


80° C 


0 7° 


-218 nm 


Ex. 28 


(6) 


FS-26 


10 


80° C 


1.9° 


-230 nm 


Ex. 29 


(6) 


FS-48 


7 


80°C 


2.9° 


-225 nm 


Ex. 30 


(7) 


FS-3 


5 


175°C 


3.1° 


-144 nm 


Ex. 31 


(7) 


FS-3 


10 


175°C 


2.8° 


-150 nm • 


Comp. 18 


(7) 


None 


175°C 


21° 


-145 nm 



10 



15 



20 



25 



30 



(Remark) 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 
And: Rth retardation value 



35 



40 



45 



50 



55 
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Discotic liquid crystal compound (6) 
[0185] 

5 



R 




n«C 8 F l7 -S0 2 -N-(CH 2 CH 2 0) l1 -H 
C 2 H 5 

55 

(FS-42) 
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n-C 8 F l7 -(CH 2 CH 2 0) 16 -H 

(FS-50) 

n-C 7 F l5 -CH 2 -0-(CH 2 CH 2 0) lS -H 

(FS-52) 

n-C 8 F 17 -S0 2 -N-CH 2 CH 2 -0-(CH 2 CHOHCH 2 ) 5 -H 
C 3 H 7 



(FS-48) 

n-C 7 F lS -CH 2 -0-(CH 2 CH 2 0) 5 -H 

20 

EXAMPLE 32 

[0187] A triacetyl cellulose film (thickness: 100 jam, size: 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 

used as a transparent substrate. 
25 [0188] An alkyl denatured polyvinyl alcohol (MP-203, Kuraray Co., Ltd.) was coated on the transparent substrate, 

and dried (without conducting a rubbing treatment) to form an orientation layer (thickness: 0.5 (am). 

[0189] The coating solution used in Example 1 was coated on the orientation layer by using a wire bar coater. 

[0190] The coated layer was heated at 106°C to align the discotic liquid crystal compound. The layer was irradiated 

with an ultraviolet ray of 2 J to polymerize the liquid crystal compound and to fix the alignment. Thus an optical com- 
30 pensatory sheet was prepared. 

EXAMPLE 33 

[0191] A triacetyl cellulose film (thickness: 100 jam, size. 27° mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
35 used as a transparent substrate. 

[0192] The coating solution used in Example 1 was coated on the transparent substrate by using a wire bar coater. 
[0193] The coated layer was heated at 106°C to align the discotic liquid crystal compound. The layer was irradiated 
with an ultraviolet ray of 2 J to polymerize the liquid crystal compound and to fix the alignment. Thus an optical com- 
pensatory sheet was prepared. 

40 

EXAMPLE 34 

[0194] A triacetyl cellulose film (thickness: 100 urn, size: 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
used as a transparent substrate. 
45 [0195] An aqueous solution of an alkyl denatured polyvinyl alcohol (MP-203, Kuraray Co., Ltd.) was coated on the 
transparent substrate by using a bar coater, and dried (without conducting a rubbing treatment) to form an orientation 
layer (thickness: 0.65 ujti). 

[0196] The coating solution used in Example 3 was coated on the orientation layer by using a wire bar coater, and 
dried at the room temperature. The thickness of the formed layer was 1 .7 pm. 
so [0197] The coated layer was heated at 11 5°C to align the discotic liquid crystal compound. The layer was irradiated 
with an ultraviolet ray of 600 mJ per cm 2 to polymerize the liquid crystal compound and to fix the alignment. Thus an 
optical compensatory sheet was prepared. 

EXAMPLE 35 

55 

[0198] A triacetyl cellulose film (thickness: 100 urn, size: 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
used as a transparent substrate. 

[0199] The coating solution used in Example 8 was coated on the transparent substrate by using a wire bar coater, 
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w 



15 



20 



25 



30 



35 



and dried at the room temperature. The thickness of the formed layer was 1 7 urn 

[0200] The coated layer was heated at 115*C to align the discotic liquid crystal compound The layer was irradiated 

zi:izr l T y v°° mj per cm2 to poiymen2e the ,,qu,d crysta » C °- P ° Und and <° «* ^ S » 

optical compensatory sheet was prepared. 
EXAMPLE 36 

[0201] A glass plate (thickness: 0.85 mm) was used as a transparent substrate 

[0202] An aqueous solution of polyvinyl alcohol denatured with methacryloyloxyethyl .socyanate (Polymer No 1 of 
r r rr al PUbNCa,i ° n N °- B ^-<W) «■ "-led on the transparent'suostra.e by using a ba 
™£ ' S (W ° UI Conduc,,n 9 a ru °bing treatment) to form an orientation layer (thickness 0 63 urn) 
[0203] The coating solution used in Example 20 was coated on the orientation layer by using a spin coaler of 1 000 
rpm, and dried at the room temperature. The thickness of the formed layer was 1 9 urn 

K?h°?„ .IT C ? a , led 'TZ 33 ? Sa,ed % 18 °° C l ° aM9n the diSCO,iC liquid cr y s,al impound. The layer was irradiated 
I** V°? ^ ,0 po, y meri2e ,he lic < uid ^ compound and to fix the alignment. Thus an 

optical compensatory sheet was prepared. 

E XAMPLE 37 

[0205] A glass plale (thickness: 0.85 mm) was used as a Iransparenl substrate 

?S!? m ™1 ^""h T!f ° n US6d in EXamP ' e 20 WaS C ° a,ed ° n the ,rans P a ™' substrate by using a spin coa.er of 
1 ,000 rpm, and dr.ed at the room temperature. The thickness of the formed layer was 1 9 M m 

[0207] The coated layer was heated at 180°C to align the discotic liqu.d crystal compound. The layer was irradiated 
wrth an ultraviolet ray o, 600 mJ per cm* to polymerize the liquid crysta. compound and to fix the alignment T Z an 
optical compensatory sheet was prepared. 

(Evaluation of optical compensatory sheets) 

[0208] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632 9 nm 
by using an ell.psometer (AEP-100, Shimazu Seisakusho. Ltd.). The results are set forth in Table 4. 

TABLE 4 



Sample 




Optically anisotropic layer 




Orien. 


Optical char. 














layer 








DLC 


Agent 


Amount 


Temp. 


Expo. 




Angle 


4nd 


Ex.32 


(1) 


531 


0.3 


106°C 


2 J 


NR 


2° 


-133 


Ex.33 


d) 


531 


0.3 


106°C 


2 J 


None 


1° 


-125 


Ex.34 


(D 


FS-3 


3 


115°C 


0.6 J 


NR 


2° 


-110 


Ex.35 


(1) 


FS-3 


3 


115°C 


06 J 


None 


2° 


-127 


Ex.36 


(5) 


FS-3 


10 


180°C 


0.6 J 


NR 




-122 


Ex.37 


(5) 


FS-3 


10 


l30 a C 


0.6 J 


None 


0° 


-125 


( hemarK) ta 1 







45 



50 



531: Cellulose acetate butyrate (CAB-531-1) 
NR: Not subjected to rubbing treatment 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 
And: Rth retardation value 



COMPARISON EXAMPLE 1Q 



55 



[0209] A glass plate (thickness: 0.S5 mm) was used as a transparent substrate 

[0210] An aqueous solution of polyvinyl alcohol denatured with methacryloyloxyethyl isocyanate (Polymer No 1 of 
Japanese Patent Provisional Publication No. 8(1996)-48197) was coated on the transparent substrate by using a bar 
coater, and dr.ed (without conducting a rubbing treatment) to form an orientation layer (thickness: 0.54 urn) The surface 
of the orientation layer was subjected to a rubbing treatment. ~ ~ " 

[0211] The following coating solution was coaled on the orientation layer by using a spin coater of 1 000 rpm and 
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dried at the room temperature. The thickness of the formed layer was 1 .34 um. 



Coating solution for (second) optically anisotropic layer 


The discotic liquid crystal compound (1) used in Example 1 
A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 
Methyl ethyl ketone 


100 weight parts 
0.2 weight part 
400 weight parts 



[0212] The coated layer was heated at 1 35°C to align the discotic liquid crystal compound. The layer was irradiated 
w with an ultraviolet ray of 600 mJ per cm 2 to polymerize the liquid crystal compound and to fix the alignment. Thus an 
optical compensatory sheet was prepared. 

EXAMPLE 38 



15 [0213] A second optically anisotropic layer was formed in the same manner as in Comparison Example 19. 

[0214] The following coating solution was coated on the second optically anisotropic layer by using a bar coater, and 
dried at the room temperature. 



20 


Coating solution for (first) optically anisotropic layer 


Cellulose acetate butyrate (acetic acid content. 3.0%, butyric acid content: 50.0%, CAB-531 -1 , 


0.3 weight part 




Eastman Chemical) 






The discotic liquid crystal compound (1 ) used in Example 1 


100 weight parts 




A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 


0.2 weight part 


25 


Methyl ethyl ketone 


400 weight parts 



' [0215] The coated layer was heated at 106°C to align the discotic liquid crystal compound. The layer was irradiated 
with an ultraviolet ray of 2 J per cm 2 to polymerize the liquid crystal compound and to fix the alignment. Thus an optical 
compensatory sheet was prepared. 

30 

(Evaluation of optical compensatory sheets) 



[0216] Two optical compensatory sheets prepared in Comparison Example 1 9 or Example 38 were attached to each 
side of a liquid crystal cell of a bend alignment mode. The product of the difference in refractive index (between ordinary 
35 ray and extraordinary ray) and the gap size of the cell was 350 nm. A voltage (0 to 5 V) of a square wave (40 Hz) was 
applied to the liquid crystal cell, and the angle dependency of the transmittance (T) was measured. 
[0217] The angle between the normal line of the liquid crystal cell surface and the direction showing a contrast ratio 
(T 1v /T 5v ) of 10 was determined as the viewing angle. The upward, downward, leftward and rightward viewing angles 
were measured. The results are set forth in Table 5. 

40 

TABLE 5 



Sample No. 


Optically anisotropic layer 


Viewing angle 






Up 


Down 


Left 


Right 


Comp.19 


Only second layer 


30° 


25° 


45° 


50° 


Ex. 33 


Second and first 


60° 


70° 


65° 


65° 



EXAMPLE 39 

[0218] A triacetyl cellulose film (thickness: 100 um, size: 270 mm x 100 mm, Fuji Tac, Fuji Photo Film Co., Ltd.) was 
used as a transparent substrate. 

[0219] An aqueous solution of an alkyl denatured polyvinyl alcohol (MP-203, Kuraray Co., Ltd.) was coated on the 
transparent substrate by using a bar coater, and dried to form an orientation layer (thickness: 0.65 um). The surface 
of the orientation layer was subjected to a rubbing treatment. 

[0220] The following coating solution was coated on the orientation layer by using a wire bar coater, and dried at the 
room temperature. The thickness of the formed layer was 1 .7 um. 
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Coating solution for optically anisotropic layer 



Melamine compound (MM-2) 

The discotic liquid crystal compound (1) used in Example 1 
A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 
Methyl ethyl ketone 



0.5 weight pari 
100 weight parts 

0.2 weight part 
400 weight parts 



w 



15 



20 



25 



(MM-2) 



n-Ci 2 H 25 -0-^)-N 




0-n-C 12 H 25 



0-n-C 12 H 25 



0-n-C 12 H 25 
0-n-C 12 H 25 



[0221] The coated layer was heated at 1 20°C to align the discotic liquid crystal compound. The layer was irradiated 
with an ultraviolet ray of 600 mJ per cm2 to polymerize the l.quid crystal compound and to fix the alignment Thus an 
^ u optical compensatory sheet was prepared. 

EXAMPLES 40 to 59 and COMPARISON EXAMPLES 20 21 

[0222] Optical compensatory sheets were prepared in the same manner as in Example 39, except that the kind or 
amount of the melamine compound was changed as is shown in Table 5. 

(Evaluation of optical compensatory sheets) 

[0223] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632 S nm 
by using an elhpsometer (AEP-100, Shimazu Seisakusho, Ltd.). The results are set forth in Table 5. 

TABLE 5 



35 



40 



45 


Sample No. 


Melamine 


compound 


Optical characteristic 


Kind 


Amount 


Angle 


And 




Example 39 


MM-2 


0.5 part 


1.8° 


-124 nm 




Example 40 


MM-2 


1 part 


2.1° 


-130 nm 




Example 41 


MM-2 


5 parts 


1.1° 


-115 nm 


50 


Example 42 


MM-2 


10 parts 


0.3° 


-119 nm 




Example 43 


MM-2 


15 parts 


0.9° 


-131 nm 




Comp. 20 j 


MM-2 


30 parts 


Not crystalline phase 






Comp. 21 


None 


25° 


-125 nm 


55 


Example 44 


MM-1 


5 parts 


1.3° 


-121 nm 




Example 45 


MM-3 


5 parts 


2.0° • 


-129 nm 




Example 46 


MM-5 


5 parts 


1.1° 


-130 nm 
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TABLE 5 (continued) 



odi i tpic inu. 


o r-f-i i n<3 

IVICIul 4 lit IC 


compound 


Optical characteristic 


Kind 


Amount 


Angle 


And 


Example 47 


MM-17 


5 parts 


3.0° 


-124 nm 


Example 48 


MM-19 


5 parts 


1.9° 


-128 nm 


Example 49 


MM-26 


5 parts 


0.5° 


-130 nm 


Example 50 


MM-50 


5 parts 


2.1° 


-111 nm 


Example 51 


MM-54 


5 parts 


1.2° 


-119 nm 


Example 52 


MM-62 


5 parts 


2.4° 


-125 nm 


Example 53 


MM-89 


5 parts 


0.6° 


-123 nm 


Example 54 


MM-96 


5 parts 


1.9° 


-119 nm 


Example 55 


MM-27 


5 parts 


1.3° 


-121 nm 


Example 56 


MM-31 


5 parts 


0.9° 


-118 nm 


Example 57 


MM-33 


5 parts 


1.5° 


-123 nm 


Example 58 


MM-94 


5 parts 


1.9° 


-120 nm 


Example 59 


MM-95 


5 parts 


0.7° 


-117 nm 



(Remark) 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 

And: Rth retardation value 



(MM-1) 



35 




25 



0-n-C 12 H 25 



45 



50 
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w 



15 



(MM-3) 



P-n-C 16 H 33 



n - C - H »-°^P^H Y N r NH-Q^o-„.c, 6 H M 



n - c i6H 33 -0 



NH 




0-n-C 16 H 33 
0-n-C 16 H 33 



20 



30 



35 



(MM-5) 



n - c i6H 33 -0 



~^^ N vv NH ~ < G Ko " n - ci6H33 



NH 




0-n-C lfi H 



16^33 



40 



45 



SO 



55 



(MM- 17) 

n -C 18 H 37 -0- 




W // 



H W NH 

NH 




/ w 
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(MM-89) 
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C H ^CH 2 
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NH 
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CH=CH 2 
CO 
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NH-SO2-CH3 
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CO 
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CH 2 =CH-CO-0-(CH 2 ),,-' N -CH, 



35 

(MM-95) 

CH 2 =CH-CO-0-(CH 2 )q (CH 2 ) 8 -0-CO-CH=CH 2 
CH 2 =CH^O-0-(CH^ 

45 CH 2 =CH-CO-0-(CH 2 ) 8 ^ N ^(CH 2 ) 8 -0-CO-CH=CH 2 

EXAMPLE 60 

so [0224] A glass plate (thickness: 0.85 mm) was used as a transparent substrate. 

[0225] An aqueous solution of polyvinyl alcohol denatured with methacryloyloxyethyl isocyanate (Polymer No. 1 of 
Japanese Patent Provisional Publication No. 8(1 996)-43i 97) was coated on the transparent substrate by using a bar 
coater, and dried to form an orientation layer (thickness: 0.63 jam). The surface of the orientation layer was subjected 
to a rubbing treatment. 

55 [0226] The following coating solution was coated on the orientation layer by using a spin coater of 1 ,000 rpm. and 
dried at the room temperature. The thickness of the formed layer was 1.9 jam. 
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Coating solution for optically anisotropic layer 


Melamme 'compound (MM-2) 

The discotic liquid crystal compound (5) used in Example 20 
A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 
Methyl ethyl ketone 


0.5 weight part 
100 weight parts 

0.2 weight part 
400 weight parts 



[0227] The coated layer was heated at 180°C to align the discotic liquid crystal compound. The layer was irradiated 
io with an ultraviolet ray of 600 mJ per cm* to polymerize the liquid crystal compound and to fix the alignment. Thus an 
optical compensatory sheet was prepared. 

EXAMPLES 61 to 85 and COMPARISON EXAMPLES 22. 23 

' 5 [0228] Optical compensatory sheets were prepared in the same manner as in Example 60, except that the kind of 
the discotic liquid crystal compound, the kind or amount of the melamine compound or the heating temperature for the 
layer was changed as is shown in Table 6. 

(Evaluation of optical compensatory sheets) 

20 

[0229] The optical characteristics of the optical compensatory sheets were measured at the wavelength of 632.3 nm 
by using an ellipsometer (AEP-100, Shimazu Seisakusho, Ltd.). The results are set lorth in Table 6. 



TABLE 6 



25 



30 



35 



40 



45 



55 



Sample No. 




Optically anisotropic layer 


Optical char. 


DLC 


Compound 


Amount 


Temp. 


Angle 


And 


Ex. 60 


(5) 


MM-2 


0.5 


180°C 


1.9° 


-145 nm 


Ex. 61 


(5) 


MM-2 


1 


180°C 


1.5° 


-150 nm 


Ex. 62 


(5) 


MM-2 


5 


180°C 


* 1.8° 


-144 nm 


Ex. 63 


(5) 


MM-2 . 


10 


180°C 


1.1° 


-121 nm 


Comp.22 


(5) 


None 


180°C 


42° 


-135 nm 


Ex. 64 


(5) 


MM-1 


5 


180°C 


0.7° 


-130 nm 


Ex. 65 


(5) 


MM-3 


7 


180°C 


2.9° 


-121 nm 


Ex. 66 


(5) 


MM-19 


5 


180°C 


2.8° 


-130 nm 


Ex. 67 


(5) 


MM-50 


4 


180°C 


1.1° 


-134 nm 


Ex. 68 


(5) 


MM-62 


2 


180°C 


1.5° 


-131 nm 


Ex. 69 


(5) 


MM-72 


10 


180°C 


0.8° 


-135 nm 


Ex. 70 


(6) 


MM-2 


15 


80°C 


0.7° 


-229 nm 


Ex. 71 


(6) 


MM-1 


7 


80° C 


1.1° 


-21 5 nm 


Ex. 72 


(6) 


MM-3 


1 


80°C 


1.5° 


-228 nm 


Ex. 73 


(7) 


MM-2 


1 


175°C 


1.4° 


-140 nm 


Ex. 74 


(7) 


MM-1 


3 


175°C 


1.8° 


-148 nm 


Ex. 75 


(7) 


MM-50 


5 


175°C 


3.0° 


-143 nm 


Comp.23 


(7) 


None 


175 6 C 


21° 


-145 nm 


Ex. 76 


(5) 


MM-28 


5 


180°C 


1.2° 


-134 nm 


Ex. 77 


(5) 


MM-31 


10 


180°C 


1.9° 


-130 nm 


Ex. 78 


(5) 


MM-57 


7 


180°C 


2.1° 


-141 nm 


Ex. 79 


(5) 


MM-59 


8 


180°C 


2.5° 


-129 nm 


Ex. 80 


(6) 


MM-29 


9 


80 0 C 


2.1° 


-230 nm 


Ex. 81 


(6) 


MM-30 


5 


80° C 


1.3° 


-219 nm 


Ex. 82 


(6) 


MM-69 


5 


80° C 


1.1° 


-221 nm 


Ex. 83 


(7) 


MM-30 


6 


175°C 


2.0° 


-149 nm 


Ex. 84 


(7) 


MM-58 


10 


175°C 


1.9° 


-143 nm 
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TABLE 6 (continued) 



Sample No. 


Optically anisotropic layer 


Optical char. 


DLC 


Compound 


Amount 


Temp. 


Angle 


And 


Ex. 85 


(7) 


MM-71 


15 


175°C 


1.3 C 


-140 nm 


(Remark) 

Angle: Inclined angle of an optical axis (a direction having the minimum retardation value) corresponding to average 
inclined angle between discotic planes and a surface of the transparent substrate 
And: Rth retardation value 



(MM-72) 



15 



20 




- H 3 C-(CH 2 ) 11 -0 XV ^ 

0-(CH 2 ) 11 -CH 3 
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0-(CH 2 ) 8 -0 



CO 

CH=CH C 




CO 

p-(CH 2 ) 8 -6 



/ V-0-(CH 2 ) 8 -0 



CO 

CH=CH, 



CH=CH- 



0-(CH 2 ) B -0 



CO 
i 



CH=CH 2 
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(MM-59) 



w 



15 



20 



CH 5 =CH 




CO-0-(CH 2 ) 16 -0 



IH^-N^NH-// 

CH 2 =CH-CO-0-(CH 2 ) 16 -0 N ^j/ N 

NH 





0-(CH 2 ) 16 -0-CO-CH=CH 2 
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CO-CH=CH 2 
0-(CH 2 ) 7 -CO /= . 



0-(CH 2 ) 7 -CO-0 
CO-CH^H. 



CH 2 =CH-CO 
0-CO-(CH 2 ) 7 -6 

■ ' ^ ' CO-(CH 2 ) 7 -0 

CH 2 — CH-CO 




0-CO-(CH 2 ) 7 -0-CO-CH=CH 2 
0-CO-(CH 2 ) 7 -0-CO-CH=CH 2 
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(MM-3 0) 
CH 3 

CO-C=CH 2 

6- (CH 2 ) 12 -0 

CO 




V\ /r NH YY NH -{V? 0 

N (j ^ 0-(CH 2 ) 12 -0 

I CH 2 =C-CC 
NH 6h 3 




CO-0-(CH 2 ) 12 - 0 -CO-C=CH. 



(MM-69) 

CO-CH=CH 2 
6-(CH 2 ) 12 -0 

n-C 18 H 37 -NH-CO' 




CO-NH-n-C 18 H 37 



0-(CH 2 ) 12 -0 
CH 2 =CH-CO 



CO-NH-n-C 13 H 37 
0-(CH 2 ) 12 -0-CO-CH=CH 2 
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CH=CH 2 S0 2 
CO-0-(CH 2 ) 8 -NH 



CH^CH 2 

C0-O-(CH 2 ) 8 -NH-S0 2 




NH-(CH 2 ) 8 -0-CO 
CH 2 =CH 



CH 2 — C H 
NH-(CH 2 ) Q -0-CO 

S0 2 -NH-(CH 2 ) 8 -0-CO 
CH 2 =CH 



PRELIMINARY EXPERIMENT 1 



[0230] A glass plate was used as a transparent substrate. / 
so [0231] An alkyl denatured polyvinyl alcohol (MP -203, Kuraray Co., Ltd.) was coated on the transparent substrate, 
and dried to form an orientation layer. 

[0232] The following coating solution was coated oh the orientation layer by using a spin coaler, and dried at the 
room temperature. 



55 



Coating solution 



Melamine polymer (MP-5) 

The discotic liquid crystal compound (1 ) used in Example 1 



1 weight part 
100 weight parts 
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(continued) 



Coating solution 



Methyl ethyl ketone 



400 weight parts 



(MP-5) 



w 



15 



20 



25 



30 



35 



-O-CH, 



CH, 



«o V-/ no * 

N N N 

CH 2 =CH-CO-NH-CH 2 ^ "if" "CH 2 -NH-CO-CH=CH 2 

N^N 



CO-(CH 2 ) 7 -CH=CH-n-C 8 H 17 
HO-CH 2 ^^CH 2 -NH 



[0233] The coated sample was gradually heated, and the change of the liquid crystal phase was observed with a 
polarizing microscope. As a result, a liquid crystal phase was observed in the range of 116 to 180°C. 
[0234] The sample was quickly cooled to the room temperature. The inclined angle of the optic axis was measured 
by using an eliipsometer (AEP-100, Shimazu Seisakusho, Ltd.). The angle was 2.9±0.4°. 

PRELIMINARY EXPERIMENT 2 

[0235] The experiment was conducted in the same manner as in Preliminary Experiment 1, except that 10 weight 
parts of the melamine polymer (MP-5) were used. 

[0236] As a result, a liquid crystal phase was observed in the range of 111 to 151°C. and the inclined angle of the 
optic axis was 2.9±0.7°. 

PRELIMINARY EXPERIMENT 3 

[0237] The experiment was conducted in the same manner as in Preliminary Experiment 1 , except lhal the melamine 
polymer (MP-5) was not used. 

[0238] As a result, a liquid crystal phase was observed in the range of 126 to 183°C. However, a schlieren texture 
was observed in the liquid crystal phase. Accordingly, the liquid crystal molecules were not uniformly aligned. 

EXAMPLE 86 



[0239] A triacetyl cellulose film (thickness: 100 urn, Fuji Tac, Fuji Photo Film Co., Ltd.) was used as a transparent 
substrate. 

[0240] An aqueous solution of an alkyl denatured polyvinyl alcohol (MP-203. Kuraray Co., Ltd.) was coated on the 
transparent substrate, and dried to form an orientation layer. 

[0241] The following coating solution was coated on the orientation layer by using a wire bar coater. and dried at the 
room temperature. 



Coating solution for optically anisotropic layer 


Melamine polymer (MP-5) 

The discotic liquid crystal compound (i) used in Example 1 
A photopolymerization initiator (Irgacure 907, Ciba-Geigy) 
Methyl ethyl ketone 


1 weight part 
100 weight pans 

3 weight part 
400 weight parts 



[0242] The coated layer was heated at 1 30°C to align the discotic liquid crystal compound. The layer was irradiated 
55 with an ultraviolet ray of 600 mJ per cm 2 to polymerize the liquid crystal compound and to fix the alignment. Thus an 
optical compensatory sheet was prepared. 

[0243] The alignment of the optically anisotropic layer was kept after polymerizing the discotic liquid crystal compound 
and cooling the layer. After heating the layer at 130°C, the optically anisotropic layer was not changed to the liquid 
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crystal state. The inclined angle of the optic axis was measured by using an ellipsometer (AEP-100. Shimazu Sei- 
sakusho, Ltd.). As a result, the angle was less than 5° 

EXAMPLE 87 

5 

[0244] An optical compensatory sheet was prepared in the same manner as in Example 86, except that 1 weight 
part of the following melamine polymer (MP-7) was used in place of the melamine polymer (MP-5). 



10 



15 



20 



35 



(MP-7) 

0-CH 2 CH 2 

i i 

CH 2 =CH^O-O^H 2 ^Y N Y N ^ CH2 ^°^°^ H=CH2 

N^N 

HO-CH 2 ^ N "CH 2 -0-CO-(CH 2 ) 7 -CH=CH-n-C 8 H 17 



[0245] The alignment of the optically anisotropic layer was kept after polymerizing the discotic liquid crystal compound 
and cooling the layer. After heating the layer at 130°C, the optically anisotropic layer was not changed to the liquid 
crystal state. The inclined angle of the optic axis was measured by using an ellipsometer (AEP-100, Shimazu Sei- 
25 sakusho, Ltd.). As a result, the angle was less than 5°. 

Claims 

30 1 . An optical compensatory sheet comprising an optically anisotropic layer formed of discotic liquid crystal molecules 
provided on a transparent substrate, wherein the discotic liquid crystal molecules are horizontally aligned in the 
optically anisotropic layer, an average inclined angle between discotic planes of said discotic liquid crystal mole- 
cules and a surface of said transparent substrate being less than 5°, and said discotic liquid crystal molecules 
being fixed in the optically anisotropic layer while keeping the horizontal alignment. 



2. The optical compensatory sheet as defined in claim 1 , wherein the discotic liquid crystal molecules are polymerized. 



3. The optical compensatory sheet as defined in claim 1, wherein the optical anisotropic layer further contains a 
cellulose ester of a lower fatty acid in an amount of 0.01 to 1 wt.% based on the amount of the discotic liquid crystal 

40 molecules. 

4. The optical compensatory sheet as defined in claim 1, wherein the optical anisotropic layer further contains a 
fluorine containing surface active agent in an amount of 2 to 30 wt.% based on the amount of the discotic liquid 
crystal molecules. 

45 

5. The optical compensatory sheet as defined in claim 1 , wherein the optical anisotropic layer further contains a 
1,3,5-triazine compound in an amount of 0.01 to 20 wt.% based on the amount of the discotic liquid crystal mole- 
cules. 

50 6. The optical compensatory sheet as defined in claim 5, wherein the 1 ,3,5-triazine compound is a melamine com- 
pound. 

7. The optical compensatory sheet as defined in claim 6, wherein the 1 ,3,5-triazine compound is a melamine polymer 

ss 8. The optical compensatory sheet as defined in claim 2, wherein the optical anisotropic layer further contains a 
1 ,3,5-triazine compound, and the discotic liquid crystal molecules and the 1 ,3,5-triazine compound are polymerized 
in the optical anisotropic layer. 
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9. The optical compensatory sheet as defined in claim 1 . wherein the optical compensatory sheet further comprises 
a second optically anisotropic layer formed of discotic liquid crystal molecules, said discotic liquid crystal molecules 
being aligned in the second optically anisotropic layer, and wherein an average inclined angle between discotic 
planes of the discotic liquid crystal molecules and a surface of the transparent substrate is not less than 5°, said 
inclined angle increasing or decreasing with increase of a distance from" the surface of the transparent substrate 
to the discotic plane of the discotic liquid crystal molecule. 

10. A liquid crystal display comprising a liquid crystal cell of a vertical alignment mode, two polarizing elements and 
one or two optical compensatory sheets, each of said polarizing elements being arranged on each side of the liquid 
crystal cell, each of said optical compensatory sheets being arranged between the liquid crystal cell and each 
polarizing element, wherein the optical compensatory sheet comprises an optically anisotropic layer formed of 
discotic liquid crystal molecules provided on a transparent substrate, said discotic liquid crystal molecules being 
horizontally aligned in the optically anisotropic layer, and wherein an average inclined angle between discotic 
planes of the discotic liquid crystal molecules and a surface of the transparent substrate is less than 5°. said discotic 
liquid crystal molecules being fixed in the optically anisotropic layer while keeping the horizontal alignment 



11 



A liquid crystal display comprising a liquid crystal cell of a bend alignment mode, two polarizing elements and one 
or two optical compensatory sheets, each of said polarizing elements being arranged on each side of the liquid 
crystal cell, each of said optical compensatory sheets being arranged between the liquid crystal cell and each 
polarizing element, wherein the optical compensatory sheet comprises an optically anisotropic layer formed of 
discotic liquid crystal molecules provided on a transparent substrate, said discotic liquid crystal molecules being 
horizontally aligned in the optically anisotropic layer, and wherein an average inclined angle between discotic 
planes of the discotic liquid crystal molecules and a surface of the transparent substrate is less than 5°, said discotic 
liquid crystal molecules being fixed in the optically anisotropic layer while keeping the horizontal alignment. 

12. The liquid crystal display as defined in claim 11, wherein the optical compensatory sheet further comprises a 
second optically anisotropic layer formed of discotic liquid crystal molecules, said discotic liquid crystal molecules 
being aligned in the second optically anisotropic layer, and wherein an average inclined angle between discotic 
planes of the discotic liquid crystal molecules and a surface of the transparent substrate is not less than 5°, said 
inclined angle increasing or decreasing with increase of a distance from the surface of the transparent substrate 
to the discotic plane of the discotic liquid crystal molecule. 
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